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Introduction 


In recent years a number of botanists and paleobotanists have 
given considerable attention to the study of the distribution of 
certain bandlike thickenings of the middle lamella, so-called rims 
or bars of Sanio, in the gymnosperms, and their significance in 
discussion concerning the relative antiquity of the Abieteae and 
Araucarieae.* Before considering the distribution of these bandlike 
thickenings of the middle lamella, it is desirable to outline the 
conclusions of various investigators concerning their structure and 
development. The work of SANIo is particularly significant in 
this connection, as it is also in a discussion of the controversy 
that has arisen in regard to the true meaning of the term “bars 
of Sanio.”’ 


Historical 


STRUCTURE AND DEVELOPMENT OF SANIO’S QUERLEISTEN.—It 
was stated by SANnro (13), in his comprehensive paper upon the 
anatomy of Pinus silvestris Linn., that in the cambium of young 
stems the radial and tangential partitions separating adjacent 
protoplasts are of equal or nearly equal thickness, but in that of 

* The terminology of ENGLER and Grte (2) is used in this paper. 
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old stems the radial walls are considerably thicker. He showed 
that each of these thick radial partitions is distinctly stratified, and 
consists of a central cellulose septum, Zwischensubstanz, overlaid by 
cellulose layers belonging to the protoplasts on either side of the 
wall. Furthermore, he believed that at an early stage in the 
development of tracheids thin spots appear in the radial primary 
walls; and that, as the tracheids increase in size, these areas become 
larger, the Zwischensubstanz is gradually absorbed, and the outer 
layers of the wall are fused together and stretched to form a thin, 
more or less homogeneous membrane. Inasmuch as bordered pits 
are subsequently laid down over portions of these attenuated areas, 
SANIO considered them to be Primordialtupfeln. He described 
them as follows (p. 74): 


Wiahrend diese Verdiinnungen in der Membran seitlich, d. h., in horizon- 
taler Richtung allmahlich in den stirken verdickten Theil iibergehen grenzen 
sie sich Oben und Unten scharf ab, und erscheinen hier sogar zuletzt mit dop- 
pelten Umrissen. Hiufig liegen diese Verdiinnungen so nahe an einander, 
dass die sie trennenden verdickten Stellen als Querleisten erscheinen. Unter- 
sucht man diese Bildung in Tangentialschnitte, so erscheinen diese Querleisten 
als knotenférmige Verdickungen der Membran zweier Nacharzellen, wahrend 
die Verdiinnungen als zarte Scheidwinde sich ausweisen. 


It is evident from SaAnto’s figures and descriptions that he 
considered the primary pit areas, Primordialiupfeln, to be separated 
by others in which the Zwischensubstanz is not entirely absorbed, 
and in which the outer cellulose layers are less attenuated. It 
should be emphasized, in this connection, that SANIO used the word 
Querleisten, cross-pieces or cleats, in referring to transverse thicker 
strips of the middle lamella between closely approximated primary 
pit areas, and the word Umrissen, contours, in referring to the 
upper and lower outlines of these areas. It is difficult to determine 
with certainty whether SANIO understood the real significance of 
the doppelten Umrissen, which partially surround the more isolated 
primary pit areas in certain of his drawings. That he probably 
considered them to be contours, outlining the top and bottom of a 
sloping surface or escarpment, is indicated by his illustration 
(pl. 10, fig. 2) of a tangential section of a young tracheid of Pinus 
silvestris. I have found no conclusive evidence in his text or figures 
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to indicate that he considered these parallel curved lines as outlines 
of a heavily embossed or thickened rim. 

STRASBURGER (15) showed very clearly that in Pinus and Larix 
SANIO’S doppelten Umrissen may be the outlines of embossed 
portions of the middle lamella. In other words, he made it evident 
that when the primary pit areas are close together they are sep- 
arated by a single transverse thickening, but that when they are 
not closely approximated there may be two curved thickened 
strips, separated by a less heavily embossed area, between them 
(fig. 5). . 

Miss GERRY (3), in discussing the distribution of bandlike 
thickenings of the middle lamella in the Gymnospermae, referred to 
them as follows (p. 119): 


The “bars” or “folds” of cellulose which when stained with haematoxylin 
are especially obvious as horizontal or more or less semicircular markings in 
the tracheide walls of a radial section from such a conifer as Pinus silvestris 
L. were described by SANIO in 1872. .... These structures were named 
“Bars of Sanio” from him. .... 


Groom and RuSsHTON (5), who have studied the structure and 
chemical composition of the bandlike thickenings of the middle 
lamella in Indian species of Pinus, state: 


According to SANIO’s work it is these unoccupied margins of the primary 
areas that coincide in position with the above-mentioned bands that are seen 
in radial section. Consequently the name “‘Sanio’s rims” may be given to the 
structures causing the bandlike appearance. .... When the primary pit 
areas are in contact, the two contiguous Sanio’s rims are naturally “fused” 
and form a band that is transverse and single, except possibly at the two lateral 
edges where the natural curvature of each original boundary of the area causes 
the band to fork. .... In radial sections with iodine and sulphuric acid the 
“rims’’ stain yellow; with ordinary haematoxylin they remain unstained; leav- 
ing sections in cupra-ammonium to dissolve out any cellulose, their staining 
properties are not changed materially. They are not composed of cellulose. 
. . . . When young the actual marginal portion of the primary pit area does 
not thicken by deposits of lignified wall as soon as it does elsewhere (except on 
the pit-closing membrane), but thickens by successive deposits of pectic 
substance until a stage is reached when lignified wall-substance is deposited 
even over the now thickened rims of the primary pit area. Sanio’s rims repre- 
sent a system of rodlike or bandlike pectic thickenings of the middle lamella 
running transversely in the radial walls and linked here and there by slightly 
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curved longitudinal bandlike similar thickenings (representing the lateral mar- 
gins of the primary pit areas)... .. C. MULLER (1890) was the author of the 
name “‘Sanio’s Bars” and, as he explicitly stated, he coined the term to designate 
these structures,? as first discovered by SANIO in Pinus silvestris (1873-74). 

JEFFREY (7), however, still maintains that the bandlike thicken- 
ings of the middle lamella in the Ginkgoales, Abieteae, Taxoideae, 
Cupresseae, and Taxaceae are typical “bars of Sanio.” SirTon 
(14) considers that the rims of neighboring primary pit areas unite 
to form bars and uses the latter term in referring to bandlike thick- 
enings of the middle lamella that occur in Araucaria and Cycas. 

BARS OF SANIO VS. TRABECULAE.—The fact that the term bars 
of Sanio is used by certain investigators in referring to trabeculae 
and by others in describing entirely different structures is unfortu- 
nate and likely to lead to considerable confusion. In a paper, 
published in 1863, SANIO (12, p. 17) described trabeculae as: “‘Quer- 
balkens quer durch den Zellenraum von einer Wandung zur andern 
verlaufen.” In 1890, MULLER (9) referred to these structures as 
Sanio’sche Balken; and later PENHALLOW (10) called them Sanio’s 
bands. Itis evident that SANIO and MULLER used the word Balken 
(beams) to designate rodlike structures that are attached at their 
ends and cross the lumens of cells. In view of this fact, and that 
SANIO used the word Querleisten (cross-pieces or cleats) in referring 
to bandlike thickenings of the middle lamella, the terms “ bars 
of Sanio”’ and Sanio’sche Balken are not necessarily synonymous. 
As has been pointed out by Groom and RusuHTon, however, 
JEFFREY and his students were undoubtedly mistaken in supposing 
that the bandlike thickenings of the middle lamella had been named 
after SANIO. This conclusion is strengthened by the fact that the 
phrase “diese scheibenférmige Verdickung der Scheidewand ist 
bisher iibersehen”’ (used by SANro [13, p. 78] in referring to the 
torus) was interpreted as indicating that Sanrio considered him- 
self the discoverer of the bandlike thickenings of the middle lamella; 
whereas, as a matter of fact, he expressly stated (13, p. 74) that 
“Deartige Bildungen hat bereits Unger gesehen, aber nicht zu deu- 
ten gewusst.” : 

Although the use of the term “bars of Sanio” was undoubtedly 
unfortunate, JEFFREY and his students do not appear ever to have 


2 Trabeculae. 
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actually confused SANIO’s Querleisten with trabeculae. Further- 
more, it is to be emphasized that Groom and RUSHTON consider the 
rodlike thickenings, between closely approximated primary pit 
areas, as fusions of two thickened rims. The word rims, therefore, 
is not an entirely satisfactory substitute for the word bars in 
referring to SANIO’S Querleisten. 


DISTRIBUTION AND SUPPOSED PHYLOGENETIC SIGNIFICANCE OF 
SANIO’S QUERLEISTEN IN CONIFERAE.—There are considerable dif- 
ferences of opinion among various investigators concerning the 
distribution and phylogenetic significance of these bandlike thick- 
enings of the middle lamella. JEFFREY (7) and his students (3, 6) 
maintain that they are conspicuously developed in the older wood 
of Ginkgo and all of the Coniferae except the Araucarieae. GOTHAN 
(4) assumes that they are absent in the Araucarieae because the pits 
are so closely packed together that there is no room for such struc- 
ture. THOMSON (16), on the other hand, considers that they are 
present in rudimentary form in the Araucarieae, and are closely 
applied to the margins of the bordered pits. 

Whatever view is taken in regard to the relative antiquity of the 
Abieteae and Araucarieae, ¢ must be admitted that there is a very 
striking difference between the older wood of the Araucarieae and 
that of the Abieteae, Taxodieae, Cupresseae, Taxaceae, and Ginkgo. 
“Alternate” pitting (fig. 13) is stereotyped in the Araucarieae; 
whereas ‘“‘opposite” pitting and Qwerleisten (pl. XV) are firmly 
fixed in the Abieteae, Taxodieae, Cupresseae, and Taxaceae. There 
appear to be no true transitional series between these two types of 
secondary xylems that may be considered to indicate conclusively 
that the latter type of pitting is a modification of the former. 

In so far as tracheary pitting is concerned, the principal argu- 
ments in favor of deriving the Abieteae and Taxaceae from the 
Cordaitales or Araucarieae are based upon the anatomy of the young 
wood of seedlings, cone axes, and the first annual rings of stems and 
roots, so-called conservative regions. Thus JEFFREY (7) maintains 
that the presence of alternate pitting and the absence of bandlike 
cellulose thickenings of the middle lamella in the young wood of 
reproductive axes, leaf strands, and the first annual rings of Ginkgo 
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and Pinus, are evidences of the Cordaitean ancestry of these genera. 
He considers the opposite pitting and thickenings of the middle 
lamella which occur in the cone axes of Araucarians to indicate that 
the Araucarieae are descended from forms resembling Ginkgo and 
Pinus. Furthermore, although admitting that ‘“‘bars of Sanio”’ 
are absent or “‘evanescent”’ in the young wood of seedlings and the 
first annual rings of the stems and roots of Araucarieae, he interprets 
the absence of approximation and consequent flattening of the 
bordered pits in such tissue as evidence for deriving the Araucarians 
from pinelike ancestors. 

The accuracy of these conclusions has been questioned by 
THoMSON (16) and Sirton (14), who have figured and described 
bandlike thickenings of the middle lamella in the tracheids of the 
petiole of Cycas and the cone axes, seedlings, and first formed 
secondary xylem of the stems and roots of Pinus and other Abieteae. 
THOMSON (16) interprets the rimlike thickenings and alternate 
pitting that occur at times in the cone axes and first annual rings 
of stems and roots of Pinus as indicating that the Abieteae are 
descended from the Araucarieae. 

It is to be emphasized, in this connection, that in dealing with 
other structural characters JEFFREY interprets the anatomy of 
selected conservative regions or organs of the Abieteae and Arau- 
carieae as indicating that the latter are descended from the former; 
whereas THOMSON, by applying the same laws to similar material, 
proves the reverse to be true. 

Such discrepancies as these suggest that there may be a con- 
siderable element of danger in placing too much emphasis upon 
“laws” of recapitulation, reversion, and retention in arguments 
concerning the phylogeny of plants. Even the most ardent advo- 
cates of these doctrines admit, in certain cases at least, that ceno- 
genetic characters do occur in seedlings, roots, traumatic tissue, 
cone axes, etc. So long as this is acknowledged to be so, it must be 
extremely difficult, in the absence of reliable collateral evidence, 
to determine with certainty whether a given structure in a given 
region is palingenetic or cenogenetic. In other words, even if it 
should be proven, by means of careful statistical and experimental 
investigations, that certain organs or regions of plants are inherently 
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somewhat more conservative or slower to change than others, 
considerable difficulty must inevitably be encountered in formulat- 
ing such facts as these into laws for use as ‘“‘short cuts” in the study 
of phylogeny. 

That this is likely to be the case in dealing with the Ginkgoales 
and Coniferae is indicated by a number of facts in the comparative 
anatomy and ecology of the Pteridophyta and Gymnospermae. In 
the evolution of these groups the primary, as well as the secondary, 
tissues appear to have been considerably modified. For example, 
the more primitive vascular plants were characterized by having 
relatively wide zones of primary xylem; whereas the Coniferae 
have usually only a relatively limited amount of this tissue, which 
is correspondingly specialized in structure. 


Structure and distribution of bandlike thickenings of middle 
lamella in Pteridophyta, Gymnospermae, and Angiospermae 


In view of the fact that much emphasis has been placed upon 
bars of Sanio in the identification of fossil woods of the Mesozoic, 
and that these structures have been used as the basis for important 
but conflicting generalizations in regard to the phylogeny of the 
Coniferae and the relative conservatism of different organs or regions 
of plants, the structure and distribution of bandlike thickenings 
of the middle lamella in the Pteridophyta, Gymnospermae, and 
Angiospermae deserve more careful consideration than they have 
received heretofore. 

As is well known, the metaxylem of most Filicales is composed 
largely of scalariform tracheids. The bordered pits in these 
tracheary elements are much elongated horizontally, at right angles 
to the long axis of the tracheids, and are closely approximated in 
vertical series (fig. 2). " The elongated bordering areas of the second- 

‘ary walls are exactly superimposed over attenuated areas of the 
middle lamella; and the outlines of these areas are more or 
less effectively concealed by the margins of the bordering areas. 
The primary pit areas are separated by narrow, bandlike, thicker 
portions of the middle lamella, which, in carefully stained’ longi- 
tudinal sections of the xylem, appear as fine dark lines between the 


3 Haidenhain’s iron-haematoxylin and safranin. 
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bordered pits. Owing to the approximation of the bordered pits 
and the thickness of the secondary walls, however, these Querleisten 
are usually more conspicuous when seen in section (fig. 19) than in 
‘ surface view. 

This scalariform type of tracheary pitting becomes at times 
considerably modified. Thus the elongated bordering areas of the 
secondary wall may be replaced by two or more shorter elongated or 
oval bordering areas (fig. 2). Under these circumstances the pri- 
mary wall frequently retains its typical scalariform pitting after the 
secondary wall has lost it; that is to say, each horizontal row of 
smaller bordering areas is laid down over a single elongated primary 
pit area (fig. 6). In other cases the elongated bordered pits of 
the secondary walls.may become contracted to form smaller 
bordered areas which cover only a portion of the surface of the 
elongated primary pits, and the Querleisten project beyond 

the outlines of the bordering areas. This process of reduction in 
' the pitting of the secondary wall may even be carried to a point 
where the primary pit areas have no superimposed bordered pits; 
or the primary pit areas become less closely approximated, of oval 
or circular outlines, and separated by relatively wide biconcave 
thickenings with forking ends (fig. 7). 

Scalariform pitting also grades into types in which there is less 
unconformity between the primary and secondary walls. The 
elongated bordered pits become replaced by vertical rows of smaller 
pits which are staggered so that the pits in one row alternate with 
those in the next series. These pits are usually superimposed over 
nearly the whole surface of similar primary pit areas, and the thicker 
portions of the middle lamella tend to anastomose or form a 
reticulum, as is shown in fig. 6a. 

Such transitions between scalariform and derived types of 
tracheary pitting occur in other groups of vascular plants. In 
certain of the paleozoic and lower mesozoic plants, which had 
“open” bundles, the metaxylem and secondary wood were com- 
posed of scalariform tracheids; whereas, in others, the scalariform 
bordered pits were more or less completely replaced by horizontal 
or diagonal rows of smaller pits, except in the tracheids of the 
younger wood of the stele. In the latter types, in passing from the 
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younger to the older metaxylem or secondary wood, there were 
transitions between typical scalariform and opposite and alternate 
multiseriate pitting. Such transitional stages between scalariform 
and multiseriate pitting have been observed in a number of 
Sphenophyllales, Calamariales, Cycadofilicales, Cordaitales, and 
Bennettitales. In Protopitys, Cycadeoidea Dartoni (Coulter and 
Chamberlain) Wiel. (figs. 14, 20), and other forms whose secondary 
xylems show indications of zonation, such transitions occur periodi- 
cally in the older wood of the stem, as they do in the stems and 
roots of the vesselless angiosperms, Tetracentron and Trochodendron 
(figs.15,16). In these transitional regions the elongated primary pit 
areas and Querleisten that underlie the scalariform secondary walls 
tend to persist in tracheids having horizontal rows of bordering areas. 

It is such transitional types of tracheary pitting that have been 
figured by JEFFREY in the cone axes of Araucarians, and by SIFTON 
in the petioles of Cycas. In Araucaria Bidwillii Hook., owing to 
the fact that the middle lamella is often relatively thick and the 
pits not closely approximated, the Querleisten are frequently broad 
and conspicuous. In transitional tracheids they may break into 
fragments which cling to the margins of the bordered pits, even 
after the latter have shifted to the alternate arrangement. Eventu- 
ally, however, the more or less circular primary pit areas of the older 
tracheids appear to become surrounded on all sides by equally 
thickened portions of the middle lamella. 

Scalariform and transitional types of bordered pitting occur in 
the lateral walls of the vessels of many dicotyledons. In fig. 3 is 
illustrated the typical scalariform bordered pitting that occurs in 
the radial and tangential walls of the vessels of certain Magnoliineae. 
This type of pitting is in marked contrast to the multiseriate pitting 
shown in figs. 4 and g. As these figures indicate, the bordered pits 
which form the horizontal rows may: be closely packed: together 
and have flattened sides, or they may be more loosely arranged and 
have oval outlines. Transitional stages, between these typical 
scalariform and multiseriate types of pitting, are of frequent 
occurrence in the vessels of certain of the Magnoliineae (figs. 4, 11). 

In photomicrographs of carefully stained sections there are 
thin dark colored lines between the elongated or scalariform 
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bordered pits. These transverse strips are deeply stained portions 
of the middle lamella that stand out in sharp contrast to the thin 
pit membranes. They are, in fact, very narrow, bandlike thicken- 
ings (Querleisten) which separate the elongated primary pit areas. 
In the case of vessels with multiseriate pitting, these transverse 
ridges or Querleisten tend to occur between the elongated primary 
pit areas that underlie the horizontal rows of bordered pits. In 
other words, a single elongated bordered pit may be laid down over 
the whole surface of the elongated primary pit area, or one or more 
smaller bordered pits may be laid down over portions of its surface. 
Under the latter circumstances, the outlines (Umrissen) of the 
primary pit areas become more conspicuous (figs. 4, 9, 11). In 
certain cases these Querleisten become more or less completely 
divided into shorter, rodlike thickenings, which lie between the 
upper and lower margins of contiguous bordered pits of the vertical 
series. 

It was shown by STRASBURGER (15) that bordered pits are not 
laid down over all the primary pit areas in the tracheids of Pinus 
and Larix. In the Magnoliineae and other dicotyledons the lateral 
primary walls of the vessels frequently have elongated attenuated 
areas, which have no bordered pits superimposed over them, 
or only a comparatively limited part of their surface so covered 
(figs. 1, 8, 12). 

In the Magnoliineae, Trochodendrineae, and other groups of 
dicotyledons there is much evidence to indicate that scalariform 
pitting is a relatively primitive feature in the structure of vessels. 
That is to say, those vessel segments which most closely resemble 
tracheids in general form and structure tend to have scalariform 
or scalariform and opposite multiseriate pitting; whereas the larger 
and more specialized conducting passageways are characterized 
by having alternate multiseriate pitting in their lateral walls 
(fig. 10). 

In the evolution of larger and more specialized vessels the modi- 
fication of the primary walls does not appear, in many cases, to 
have kept pace with that of the secondary walls. Thus in primitive 
types of vessel segments the elongated bordered pits are exactly 
superimposed over similar elongated primary pit areas, but in more 
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specialized types the primary wall (the first formed portion of the 
vessel member) tends to retain its primitive elongated type of 
primary pit areas after the scalariform bordered pits have become 
locally constricted (fig. 4), or divided into horizontal rows of smaller 
pits (fig. 9). Similarly, in those walls where there is a tendency to 
eliminate the bordered pits, the elongated primary pit areas persist 
after the bordered pits have partially or completely disappeared 
(figs. 1, 8, 9). 

In the highly specialized vessels of the Anonaceae and Laura- 
ceae (fig. 10) there are numerous circular or oval bordered pits in 
the lateral walls of the vessels. Usually they appear to be laid 
down over similar circular primary pit areas. In other words, in 
the most highly specialized types of vessels, in which the bordered 
pits are not arranged in horizontal rows, even the elongated primary 
pit areas are more or less completely obliterated, and replaced by 
attenuated areas with circular outlines. Vestiges of Querleisten, 
however, are sometimes: present near the upper and lower margins 
of the bordering areas. 

In the dicotyledons, with increasing specialization of the 
vessels, there is a corresponding reduction in the pitting of the 
remaining tracheary elements. Thus typical tracheids are replaced 
by fiber tracheids, which are in turn replaced by libriform fibers. 
The fiber tracheids of certain dicotyledons have elongated or oval 
primary pit areas that are separated by wide dark colored bands. 
Furthermore, it is not uncommon to find that many of the attenu- 
ated areas of the middle lamella have no superimposed bordered 
pits (fig. 22). 

Unconformity of the type that occurs in the tracheids of various 
primitive vascular plants, and in the vessels of certain dicotyledons, 
has been observed in the wood of Ginkgo, and certain of the Abieteae 
and Taxodieae. Fig. 23 illustrates a type of tracheary pitting that 
is of frequent occurrence in the older secondary wood of vigorous 
mature specimens of Ginkgo and Taxodium. It is most character- 
istically developed in large thin-walled tracheids of the so-called 
spring wood. The numerous, uniformly narrow, elongated primary 
pit areas and thin, straight, narrow Querleisten are typically 
scalariform in structure. Each primary pit area has superimposed 
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over it 2-4 bordered pits. The latter are somewhat elongated in 
many cases, and frequently are so closely approximated as to be 
flattened by mutual contact and to cover nearly the whole of the 
primary pit areas. This type of tracheary pitting grades into a 
second type in which the surfaces of the elongated primary pit areas 
are only partially covered by circular bordered pits (figs. 24, 25). 
The latter type, in turn, grades into a third type in which the 
primary pit areas are not typically scalariform in structure. Cer- 
tain of the attenuated areas appear to increase in size at the expense 
of intervening areas, which are either eliminated entirely or persist 
as constricted areas that are not overlaid by bordered pits (figs. 26, 
29, 30). By this process of specialization certain of the primary 
pit areas become oval or biconvex and less closely approximated. 
Certain of the Querleisten tend to widen and to become biconcave 
with forking ends; whereas others are crowded together and appear 
to fuse to form similar biconcave thickenings (figs. 26, 29, 31). 
This type of pitting grades into others in which the attenuated 
areas that are overlaid by bordered pits become more circular and 
more widely separated, the intervening primary pit areas and 
Querleisten (except the curved bands that commonly persist above 
and below the bordered pits) becoming vestigial or obliterated 
(figs. 27, 28). In certain cases the portions of the middle lamella 
between widely separated primary pit areas may be uniformly 
thickened so that the pits appear to be separated by a single, wide 
dark colored band. In other cases, for example, in the thick- 
walled fiber-like cells of the so-called summer wood, and in the 
small tracheids which occur in seedlings and the first annual rings 
of stems and roots, the bordered pits frequently tend to be super- 
imposed over nearly the whole surface of the circular primary pit 
areas, and the curved Querleisten cling to the upper and lower 
margins of the bordering areas, or are completely obliterated. 
Such transitions in tracheary pitting have been observed in 
Larix, Pinus, Abies, Sequoia, and other genera of the Abieteae and 
Taxodieae, as well as in Taxodium and Ginkgo. The more elongated 
primary pit areas and the narrower, straighter Querleisten tend to 
occur in the larger, thinner-walled, heavily pitted tracheids; and 
are therefore most characteristically developed in the first formed 
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portions of the growth rings of the older secondary xylem. The 
particular types of unconformity and bandlike thickenings of the 
middle lamella which occur in a given species vary considerably in 
plants grown under different environmental influences and in 
different organs or regions of a single plant. This is as true of the 
first formed as the older secondary xylem. 


Discussion 


It is evident that bandlike thickenings‘ of the middle lamella, 
separating more or less elongated primary pit areas, are not confined 
to the tracheids of certain Coniferae, but are widely distributed 
among the Pteridophyta, Gymnospermae, and Angiospermae.° 
Any interpretation of the so-called rims or bars of Sanio in the 
Coniferae, therefore, should be in general harmony with the 
structure and distribution of these bandlike thickenings in other 
groups of vascular plants. 

Since bandlike thickenings of the middle lamella and transitions 
between scalariform and “alternate” and “opposite” multiseriate 
pitting are of common occurrence in the younger xylem of many 
paleozoic and mesozoic (as well as less primitive) plants, the occur- 
rence of opposite (as well as alternate) pitting and more or less 
rudimentary Querleisten in the transitional tracheids of the cone 
axes of Araucarians does not indicate conclusively that the Arau- 
carieae are descended from the Abieteae. Similarly, the more or 
less sporadic occurrence of alternate pitting, as well as opposite 
pitting and ‘“‘bars of Sanio,” does not indicate necessarily that the 
secondary xylem of the Ginkgoales, Abieteae, Taxodieae, Cupres- 
seae, and Taxaceae is a modification of that which occurs in the 
Araucarieae or Cordaitales. 

Furthermore, there are a number of facts in the comparative 
anatomy and ecology of the Pteridophyta, Gymnospermae, and 
Angiospermae which suggest that unconformity between the pits 
in the primary and secondary walls of tracheids and vessels may be 


4 Which stain dark blue in sections treated with Haidenhain’s iron-haematoxylin, 


s The bandlike thickenings are usually inconspicuous in surface views of the facets 


of tracheary elements owing to the fact that they are concealed by the thick, super- 
imposed secondary walls. 
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a phenomenon that is concomitant of processes of modification or 
reduction in tracheary pitting. In the metaxylem of ferns and in 
the secondary xylem of a number of primitive vascular plants, the 
primary wall frequently tends to retain its scalariform structure 
after the scalariform bordered pits in the secondary wall have been 
replaced by horizontal rows of smaller pits. It may even retain its 
elongated pit areas and bandlike thickenings after the bordering 
areas of the secondary wall have been considerably contracted, or 
have disappeared entirely from certain portions of a facet. On the 
other hand, when scalariform pitting is replaced by alternate 
multiseriate pitting, the bandlike thickenings of the middle lamella 
tend to anastomose and form a reticulum. 

Similar phenomena occur in the metaxylem of many of the higher 
vascular plants, in the tracheids of the secondary xylem of the 
vesselless dicotyledons Tetracentron, Trochodendron, and Drimys, 

‘and in the lateral walls of the vessels of many of the angiosperms. 

This general tendency for the persistence of scalariform pitting 
in the middle lamella, after it has disappeared more or less com- 
pletely from the secondary wall, raises an interesting question in 
regard to the probable significance of the scalariform pitting which 
occurs so commonly in the middle lamellae of certain of the 
Abieteae, Taxodieae, Taxaceae, Cupresseae, and Ginkgo, but 
appears to be entirely absent in the later formed secondary tra- 
cheids of the Araucarieae. 

It is important to note in this connection that the more primitive 
vascular plants, which possessed relatively wide zones of primary 
xylem, were characterized by having numerous closely approxi- 
mated pits in the radial facets of their relatively large tracheids. 
In the evolution of the Ginkgoales and Coniferae there appears to 
have been a more or less pronounced reduction in the amount of 
primary xylem, in the size of the first formed secondary tracheids 
of the stele, and in the number of bordered pits in the walls of the 
tracheary elements. 

The large, thin-walled, heavily pitted tracheids which occur in 
the spring wood of the older secondary xylem of mesophytic Conif- 
erae, resemble the primitive types of tracheids more closely than 
do the thick-walled, highly specialized elements of the summer wood, 
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or the relatively small tracheids of the first formed portion of the 
secondary xylem. It is in these larger thin-walled tracheids that 
the most typical scalariform primary pit areas tend to occur. 
Occasionally, where the tracheary pitting is very strongly developed, 
scalariform bordering areas of the secondary wall are superimposed 
over portions of these elongated primary pit areas (fig. 23). This 
is likely to occur in Taxodium and Ginkgo and roots of certain of the 
Abieteae. As has previously been shown, the scalariform structure 
of the middle lamella and narrow straight Querleisten become gradu- 
ally modified with increasing reduction in the number of bordered 
pits. Furthermore, it has been shown that a similar widening of 
the bandlike thickenings of the middle lamella may occur in certain 
of the Pteridophyta, as well as the Angiospermae, when the bordered 
pits tend to become more or less isolated. 

The occurrence of these interesting structures in the Abieteae, 
Taxodieae, Cupresseae, Taxaceae, and Ginkgo, and their absence 
in the secondary wood of Araucarieae, are difficult to explain upon 
the assumption that the former groups are descended from ancestors 
having “alternate multiseriate” pitting. On the other hand, from 
analogy with similar phenomena in other groups of vascular plants, 
their occurrence is easily accounted for if the microphyllous and 


relatively xerophytic Coniferae are descended from forms having 
scalariform tracheary pitting. 


Primary pit areas of cambium and their relation to the pitting of 
xylem and phloem 


The important observations of DE Bary, JANCZEwskI, Russow, 
STRASBURGER, KIENITZ-GERLOFF, KRUGER, and others upon the 
occurrence of bandlike thickenings of the middle lamella in the cells 
of the cambium, and their relation to similar structures in the ele- 
ments of the xylem and phloem, have been overlooked entirely in 
discussions concerning the phylogenetic significance of the so-called 
rims or bars of Sanio. Kritcrr (8) found that, in the cambia of all 
plants (stems and roots of gymnosperms, dicotyledons, monocoty- 
ledons, including trees, shrubs, herbs, and succulents) investigated 
by him, there were leistenformige Verdickungen in the radial parti- 
tions (figs. 17,18). These ridgelike thickenings separated roundish 
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thin spots or pit areas and were more conspicuous in the winter than 
in the spring and summer, a fact previously noted by DE Bary (1). 
Furthermore, KrUGER traced these structures to the ‘ procambial 
strands’’ and through the developing daughter cells of the cambium 
to the highly differentiated cells of the xylem and phloem. They 
appeared to be least modified in the walls of phloem parenchyma. 
In the development of tracheids, vessels, and sieve tubes, owing to 
increase in the size of the individual cells, they tended to become 
more or less modified. KriGer concluded, however, that the thin 
spots became enlarged and modified to form sieve plates (fig. 21), 
and to form the primary pit areas of tracheary elements. He noted 
that during this process the ridgelike thickenings tended to become 
more or less modified in shape. Russow (11) and STRASBURGER 
(15) emphasized the fact that in the Abieteae many of the pit areas 
become more or less obliterated in the development of tracheids and 
sieve tubes; that is to say, many of the primary pit areas become 
vestigial, since they have no superimposed bordered pits or do not 
become modified to form sieve plates. 

It is evident, therefore, that not only are bandlike thickenings 
of the middle lamella of frequent occurrence in the tracheary 
elements of Pteridophyta, Gymnospermae, and Angiospermae, but 
also in the cells of the cambium and phloem. In discussing the 
phylogenetic significance of the bandlike thickenings of the middle 
lamella in tracheids of Coniferae, therefore, it is essential, not only 
to compare these structures with similar structures which occur in 
other types of cells and other groups of plants, but also to contrast 
the various stages in their development. This must inevitably be 
the case, since there is a considerable element of danger in basing 
generalizations concerning relationships upon comparisons between 
the structure of end products. Of course similar structures may 
be attained through entirely different developmental stages. 
Unfortunately, comparatively little is known in regard to the 
detailed structure of the cambium and the various stages in the 
development of tracheary pitting in different groups of vascular 
plants. It is to be hoped that this gap will be filled in the near 
future, since information of this character promises to throw con- 
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siderable light upon a number of interesting problems, especially 
upon the structure and true significance of the so-called rims or bars 
of Sanio. 

Summary 


1. Bandlike thickenings of the middle lamella and scalariform 
primary pit areas are characteristic of tracheids which have scalari- 
form bordered pits. They are widely distributed among the 
Pteridophyta, Gymnospermae, and Angiospermae. 

2. The middle lamella frequently retains its typical scalariform 
structure after the secondary wall has lost it. 

3. In the Gymnospermae, as well as in the Pesshluphy ta and 
Angiospermae, there appear to be transitions between primary 
membranes of this type and others in which the scalariform 
structure is profoundly modified. 

4. The comparative anatomy and ecology of the Pteridophyta, 
Gymnospermae, and Angiospermae afford considerable evidence 
which suggests that the types of unconformity and peculiar band- 
like thickenings of the middle lamella (so-called bars or rims of 
Sanio) which occur in certain Pteridophyta and Angiospermae, as 
well as in many Gymnospermae, are concomitants of processes of 
modification or reduction in tracheary pitting. 

5. The structure of the walls of the cambium and the develop- 
ment of the pitting in the elements of the xylem and phloem in 
Pteridophyta, Gymnospermae, and Angiospermae deserve more 
careful consideration in discussions concerning the phylogenetic 
significance of the so-called rims or bars of Sanio, than they have 
received heretofore. 
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13. 


EXPLANATION OF PLATES XIII-XV 
PLATE XIII 


Fic. 1.—Magnolia acuminata Linn.: pitting in facet of small vessel seg- 
ment, showing scalariform primary pit areas and isolated circular bordered pits; 
X 300. 

Fic. 2.—Todea hymenophylloides A. Rich.: pitting in lateral facet of 
tracheid, showing typical scalariform and transitional types of pitting; 300. 

Fic. 3.—Magnolia acuminata: scalariform pitting in lateral facet of 
vessel segment; X 400. 

Fic. 4.—Magnolia acuminata: pitting in lateral facet of vessel segment, 
showing scalariform and transitional types of pitting; 450. 

Fic. 5.—Pinus Strobus Linn.: tangential longitudinal section, showing 
knotenformige thickenings of middle lamella; X soo. 

Fic. 6.—Todea hymenophylloides: pitting in lateral facet of tracheid, 
showing pairs of elongated bordering areas superimposed over single scalariform 














1919] BAILEY—BARS OF SANIO 467 


primary pit areas; portions of bandlike thickenings of middle lamella visible 
between rows of bordered pits; 300. 

Fic. 6a.—Todea hymenophylloides: showing alternating arrangement of 
bordered pits and anastomosing of bandlike thickenings of middle lamella; 
X 300. 

Fic. 7.—Acrostichum sorbifolium Linn.: lateral facet of tracheid, showing 
small, circular, bordered pits and biconcave thickening of middle lamella, 
latter somewhat indistinct owing to thickness of superimposed secondary wall; 
X 800. 

Fic. 8.—Cercidiphyllum japonicum Sieb. and Zucc.: lateral facet of 
vessel segment, showing persistence of scalariform primary pit-areas after 
more or less complete disappearance of bordered pits; 300. 

Fic. 9.—Magnolia macrophylla Michx.: lateral facet of vessel segment, 
showing unconformity between primary and secondary pitting. 

Fic. 10.—Asimina triloba (Linn) Dun.: lateral facet of vessel segment, 
showing alternate multiseriate pitting; X 300. 

Fic. 11.—Cercidiphyllum japonicum: lateral facet of vessel segment, 
showing transitional types of bordered pitting and unconformity between 
primary and secondary walls; X4o0o. 

Fic. 12.—Cercidiphyllum japonicum: lateral facet of vessel segment, 
showing unconformity between pitting of primary and secondary walls; 400. 


PLATE XIV 


Fic. 13.—Agathis australis Steud.: pitting in radial facet of tracheid, 
showing “alternating” type of arrangement; X350. 

Fic. 14.—Cycadeoidea Dartoni (Coult. and Chamb.) Wiel.: radial longi- 
tudinal section of secondary xylem, showing transitional types of pitting; 
X 100. 

Fic. 15.—Trochodendron aralioides Sieb. and Zucc:: radial facets of 2 
tracheids, showing transitions between scalariform and opposite bordered 
pitting; Querleisten appear as narrow dark lines separating scalariform pits 
or pairs of smaller bordered pits; 350. 

Fic. 16.—Trochodendron aralioides: radial longitudinal section of second- 
ary xylem, showing transitional types of pitting and (right) persistence of 
scalariform primary pit areas with reduction in number of bordered pits; 
X 200. 

Fic. 17.—U/mus americana Linn.: tangential longitudinal section of 
cambium (winter condition), showing knotenformige thickenings of middle 
lamella; X 230. 

Fic. 18.—U/mus americana: radial longitudinal section of cambium and 
young phloem cells, showing sculpture of middle lamella; X 200. 

Fic. 19.—Pteris aquilina Linn.: adjacent walls of 2 tracheids in sectional 
view, showing knotenformige thickenings (‘“‘bars of Sanio’’) of middle lamella; 
X 300. 
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Fic. 20.—Cycadeoidea Dartoni: radial longitudinal section of secondary 
xylem, showing transitions between scalariform and opposite and alternate 
pitting; X00. 

Fic. 21.—Juglans nigra Linn.: radial longitudinal section through cam- 
bium (left) and young phloem (right), showing relation between sieve plate 
and primary pit areas; 180. 

Fic. 22.—Kayea panicuiata Merrill: radial longitudinal section of second- 
ary xylem, showing primary pit areas and “bars of Sanio”; X 200. 


PLATE XV 


Fic. 23.—Taxodium distichum (Linn.) Richard: radial facet of tracheid, 
showing scalariform structure of primary wall and crowded bordered pits; 
X 400. 

Fic. 24.—Larix occidentalis Nutt.: radial facets of 3 tracheids, showing 
scalariform structure of primary wall; 350. 

Fic. 25.—Taxodium distichum: radial facet of tracheid, showing scalari- 
form structure of primary wall and less crowded bordered pits’ than fig. 23; 
X 400. 

Fic. 26.—Larix occidentalis: radial facets of 2 tracheids, showing numerous 
primary pit areas having no superimposed bordered pits; X 220. 

Fic. 27.—Pinus Strobus: radial facets of 3 tracheids, showing modified 
types of primary wall structure; X 220. 

Fic. 28.—Pinus Strobus: radial facets of 3 tracheids, showing reduction 
in bordered pitting and persistence of primary pit areas; 220. 

Fic. 29.—Larix occidentalis: radial facet of tracheid, showing curving and 
fusing (or widening) of bandlike thickenings of middle lamella; X 240. 

Fic. 30.—Pinus Strobus: radial facets of several tracheids, showing 
scalariform structure of primary wall; 220. 

Fic. 31.—Taxoditim distichum; radia] facet of tracheid, showing curving 
of bandlike thickenings of middle lamella with reduction in number of bordered 
pits; XX 400. 

FIGS. 14, 17, 18, 20, and 21 were made from sections loaned to the writer 
by Drs. G. R. WrEtanp and L. H. MacDaniets. 
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APOSPORY IN PTERIS SULCATA L. 
W. N. STEIL 
(WITH PLATES XVI, XVII, AND FOUR FIGURES) 


Historical 


Although apospory was discovered in the mosses by PRINGSHEIM 
(18) and Stan (19) a short time after apogamy had been found in 
Pteris cretica albo-lineata by FARLOW (11), apospory remained 
unknown in the Pteridophytes until Druery (6, 7) reported the 
phenomenon in Athyrium Filix-foemina var. clarissima Jones. 
Prothallia of this fern were observed to form either from the head 
or the stalk of the sporangium which was arrested in its develop- 
ment. The prothallia of aposporous origin produced antheridia 
and archegonia. DRvueEry (8) also reported the first case of apical 
apospory, namely in Polystichum angulare var. pulcherrimum Wills. 
The tips of the leaves of this species of fern produced the game- 
tophyte as a direct vegetative outgrowth. 

Bower (2) published a brief summary of his investigations of 
apospory in Athyrium Filix-foemina var. clarissima Jones and 
Polystichum angulare var. pulcherrimum Wills, the material for the 
investigation having been placed at his disposal by DRUERY. Sex 
organs were also observed to develop on the prothallia of the 
Polystichum angulare variety. The main portion of the paper, 
however, is not concerned with original studies, but with a discussion 
of ‘‘short cuts” in the life history of the fern. 

Apospory was also discovered by Bower (3) in Trichomanes 
pyxidiferum and T. alatum. In the former the gametophyte 
generation was produced from aborted sporangia; in the latter 
there was soral and apical apospory. Sex organs were formed in 
T. pyxidiferum, but in T. alatum archegonia were. absent and 
antheridia were never developed to maturity. Only in T. alatum 
were sporophytes observed to develop from the aposporously 
produced prothallia, and these sporophytes were of apogamous 
origin. Bower did not seem to be convinced that apospory and 
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apogamy in these cases were not induced by cultural conditions. 
He believes that if apospory might be expected to occur anywhere 
in the plant kingdom, it is in the Hymenophyllaceae, the game- 
tophyte and sporophyte of which are more nearly alike in some 
respects than in any other homosporous ferns. BOwER (4) later 
attempted to induce apospory in more than 46 species and varieties 
of ferns by placing the fronds with immature sporangia on moist 
sphagnum. In not a single instance, however, were gametophytic 
outgrowths obtained. In regard to the difficulty with which apos- 
pory is induced, he makes the following statement: ‘There is a 
marked disability on the part of ferns to bridge over the limits of 
the two generations by other means than by the formation of 
spores; the phenomenon is by no means a promiscuous one occur- 
ring readily and often, but a rare process, which seems to appear 
spontaneously under conditions not yet understood and is not 
readily induced.” 

FARLOW (12) found apospory in Pteris aquilina L. Prothallial 
growths were produced from sporangia which had aborted in their 
development. No advanced stages in the development of the 
prothallia were observed. 

The first case of apospory from the young sporophyte of a fern 
was discovered by Druery (9) in a Lastrea variety (probably 
Lastrea pseudomas var. cristata). Later DRUERY (10) also induced 
gametophytes aposporously by placing on moist soil portions of the 
leaves of Scolopendrium vulgare var. crispum Drummondae. The 
prothallia of this species developed both sex organs. Apical 
apospory was reported by DRvuERY in Athyrium Filix-foemina var. 
clarissima Bolton. He grew sporophytes from the aposporously 
produced prothallia of Lastrea pseudo-mas var. cristata. These were 
of apogamic origin and of interest since they possessed characters 
of both sporophyte and gametophyte. 

STANSFIELD (20) brought into contact with the soil portions of 
the fronds of Athyrium Filix-foemina var. uncoglomeratum and thus 
induced gametophytes aposporously. When “pinnulets” and 
“leaflets” of young sporophytes, produced by the prothallia of 
aposporous origin, were pinned down to the soil, he again obtained 
readily the gametophyte generation. From the young sporophytes 
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of 4 forms of Polystichum angulare, one of Lastrea, and 3 of Athyrium 
Filix-foemina, STANSFIELD in a similar manner induced apospory. 
He is inclined to believe that apospory may be induced by the same 
method in many other species of ferns. 

GOEBEL (14) discovered apospory in Asplenium dimorphum. 
The ends of a finely divided leaf of a plant of this species produced 
prothallia, typically heart-shaped, and bearing both archegonia 
and antheridia. The nuclear history was not investigated, but 
GOEBEL suggests that reduction theoretically occurs when the 
prothallia are formed. GOEBEL (15) successfully induced apospory 
in Aneimia Dregeana, Alsophila van Geertii, Ceratopteris thalictroides, 
Gymnogramme chrysophylla, Polypodium aureum, and Pteris longi- 
folia. In Marsilia Drummondii and two Adiantum species the 
results were negative. The primary leaves of young sporophytes 
were removed and placed on sterilized loam and peat. From the 
lamina and petiole of the leaf, thus treated, there were produced 
gametophytes, sporophytes, or forms intermediate in character, 
since such outgrowths in some cases bore both antheridia and 
stomata. The aposporously produced prothallia of Pteris longi- 
folia developed antheridia and archegonia. Sporophytes were not, 
however, observed to develop from the prothallia. Since there was 
found no great difference between the nuclei of the two generations, 
GoEBEL concludes that there is no sharp line of demarcation 
between gametophyte and sporophyte. As a result of a series of 
experiments, GOEBEL found that young sporophyte tissue possesses 
greater power of regeneration than old tissue. Contrary to 
BowEr’s view that apospory is induced with difficulty and is rare, 
GOEBEL is convinced that the phenomenon can be produced readily 
and is widely distributed in ferns. Considered from the phylo- 
genetic point of view, GOEBEL regards the prothallium of the fern 
as a rudimentary leaf, bearing sexual organs. 

In a preliminary note on the cytology of apospory, Miss DicBy 
(5) described her results in inducing apospory in Lastrea pseudo-mas 
var. cristata, the aposporal nature of which first had been reported 
‘by Druery (9). As a result of the study of the nuclear condition 
of the fern, it was reported that 50 chromosomes were retained 
throughout the life cycle. 
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FARMER and Dicsy (13) published some very interesting results 
of their cytological studies of apospory and apogamy in ferns. 
Five of the 7 species which they investigated produced game- 
tophytes aposporously. The aposporous nature of the 4 following 
was observed first by Druery: Athyrium Filix-foemina var. 
clarissima Jones, A. Filix-foemina var. clarissima Bolton, Scolo- 
pendrium vulgare var. crispum Drummondae, and Lastrea pseudo- 
mas var. cristata apospora. The fifth, Athyrium Filix-foemina var. 
uncoglomeratum, was first observed as an aposporous form by 
STANSFIELD (20). The origin of the aposporously produced 
prothallia in the different ferns was studied with special reference 
to changes in the chromosome number, and it was discovered that 
either the haploid or the diploid number is retained throughout the 
life cycle. In Athyrium Filix-foemina var. clarissima Jones, the 
embryo formed by the prothallia of aposporous origin is apogamic. 
Ninety chromosomes, the diploid number, are found in both genera- 
tions. The embryo of Lastrea pseudo-mas var. cristata apospora is 
also of apogamic origin, but the chromosome number, between 60 
and 78, is probably the reduced number. The other 3 species were 
found to be parthenogenetic. In Athyrium Filix-foemina var. 
clarissima Bolton, 84 chromosomes were counted, in A. Filix-foemina 
var. uncoglomeratum about too, and in Scolopendrium vulgare var. 
crispum Drummondae 70 chromosomes were found in the game- 
tophyte, and between 80 and 100 in the embryo sporophyte. Since 
64 chromosomes were present in the sporophyte of this species, 
FarMER and Dicsy were inclined to believe that the diploid number 
of chromosomes are present. 

WoRONIN (12, 24) studied apogamy and apospory in the follow- 
ing species of ferns: Trichomanes Kraussii, Pellaea flavens, P. nivea, 
P. tenera, Notholaena Eckloniana, and N. sinuata. In Trichomanes 
Kraussii sporangia were not produced, but prothallia were formed 
in large numbers from portions of leaves which were brought into 
contact with the soil. According to Woronrn, antheridia were in 
some instances produced directly from the leaves of the sporophyte. 
It appears, however, that there is not an omission of all the pro-' 
thallial portion, but that there is formed in each case a short filament 
which may not be considered as the stalk of an antheridium. 
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Apospory was induced in Pellaea flavens by growing prothallia in 
continued darkness. When prothallia were transferred to sand 
cultures there were produced some aposporous growths, but the 
tendency to apospory was not pronounced. The aposporously 
produced prothallia in both species in turn produced apogamous 
embryos and antheridia. Aposporous prothallia were also induced 
as a result of regeneration experiments. When a portion of the 
sinus of the prothallium with a young embryo was removed and 
maintained in culture, aposporous prothallia were occasionally 
formed. When primary leaves were cut off and similarly placed 
under cultural conditions, prothallia were produced which devel- 
oped antheridia but no apogamous embryos. 


Materials and methods 


A large number of cultures of Pieris sulcata L. were made during 
the past 3 years by sowing the spores on sterilized sphagnum 
saturated with a one-tenth of 1 per cent Knop’s solution or Beyer- 
inck’s solution as modified by Moore (17). The spores for the 
cultural work were obtained from Dr. A. B. Stout, Bronx Botanical 
Garden, New York, and Dr. E. B. CopELAND, Los Bajios, Philippine 
Islands. An abundant supply of spores was also obtained from a 
plant grown in the university greenhouse. 

In one of the cultures made March 1, 1916, the aposporous 
developments to be described in this paper appeared. Many 
young apogamously produced sporophytes were found in the 
culture and on. January 1, 1917, some of the young embryos pre- 
sented a somewhat unusual appearance. As a result of microscop- 
ical examination it was discovered that prothalloid portions were 
present in certain parts of the sporophytes. In June 1917 a number 
of aposporously developed prothallia were found to be present. 
When some of the prothallia produced by the’ germination of the 
spores were transferred to a new culture, made in a similar manner 
to that of the original one, more aposporous developments were 
produced. 

The prothallia and embryos from which the drawings and photo- 
graphs were made were fixed in chrom-acetic acid solution diluted 
with 5 parts of water, stained with Haidenhain’s iron haematoxylin, 
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and mounted in glycerine jelly. Some of the drawings were made 
from living material. The sporophyte tissue is represented in the 
drawings by the darker shading; the gametophyte by the lighter 
shading. 

Observations 


The gametophyte of Pieris sulcata produced by the germination 
of a spore is in many respects similar to that of Pleris cretica var. 
albo-lineata described by Fartow (11) and DeBary (1). When 
the prothallia of both species were grown under the same cultural 
conditions, it was observed that those of the former were somewhat 
larger. Archegonia were never found on any of the large number 
of prothallia carefully examined with the microscope. Antheridia 
occur commonly and frequently in great abundance. The anthero- 
zoids are apparently normal in every respect. 

The embryo of Pieris sulcata is always produced apogamously. 
Such a development of the embryo was first described by the 
writer (21). SUMINSKI (22) and later MERCKLIN (16) observed 
tracheids in the prothallia of this species just posterior to the apical 
notch. DEBary grew the prothallia of the same species, but 
observed no sporophytic tissue elements or any other indications 
of a sporophyte of apogamous origin. Accordingly he reported the 
fern as non-apogamous. The writer, however, has found the fern 
to be constantly apogamous under normal cultural conditions. 
From the sporophytes apogamously produced the gametophytic 
developments herein described appeared. 

In every instance in my culture the prothallial portions or 
prothallia were produced in connection with the lamina or the 
petiole of the primary leaf. Usually the terminal portion of the leaf 
was in part or wholly prothalloid. Occasionally forms were 
observed which were intermediate in character, the’cells partaking 
of the nature of both sporophyte and gametophyte. Sometimes 
root, lamina, and petiole of the sporophyte were formed (fig. 13). 
In some instances the root was absent (figs. 6, 8), and in still other 
cases only a well developed petiole was present (fig. 8), the lamina 
of the ordinary leaf being displaced by a prothalloid portion. The 
vascular system in the primary leaf as a rule was well developed. 
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Prothallia were found, in one instance, growing from both 
surfaces of the leaf (fig. 5). These closely resembled the prothallia 
grown from the spore. The largest one of these was ribbon-like, 
but the others were mere filaments, each consisting of a single row 
of cells. On the former an antheridium (a) was produced. 
Rhizoids had been formed from the same prothallium. Two 
antheridia (a, a’) had also been developed by a filament produced 
from the other side of the leaf. From one of these the antherozoids 
were discharged when the living prothallia, still attached to the 
lamina of the leaf, were examined under the microscope. The 
antherozoids were normal in appearance and actively motile. 
The prothallial growths were surrounded at their points of origin 
by normal sporophyte cells. 

The gametophytic portions, present on the lamina of the primary 
leaf, may be large, as represented by figs. 6 and 7, in each case of 
which the terminal portion is distinctly prothalloid. In addition 
to the large gametophytic portions, a number of smaller regions of 
the same nature were present on the lamina of the sporophyte 
represented by fig. 7 (c, d, e, f) and a single one by fig. 6, b. These 
were almost wholly surrounded by sporophytic cells. A highly 
magnified view of b is represented by fig. 9. There is, as the figure 
shows, a sharp line of demarcation between the cells of the two 
generations. ‘The cells of the gametophytic portion slightly project 
above the surrounding sporophyte cells. The smaller areas (fig. 
7, €,/) were partially surrounded by cells of a somewhat intermediate 
character (7). The chloroplasts in these cells were. less numerous 
and smaller than those in the neighboring gametophyte cells (fig. 
10). Even in the living condition this area was almost colorless 
as compared with the dark green gametophytic areas, and could be 
readily distinguished with a hand lens. A cell of the same character 
as those in the paler region just described was found, in one instance, 
in the larger gametophytic portion represented by fig. 7. This cell 
was wholly surrounded by ordinary gametophyte cells (fig. 1). 
From the lower part of the petiole, represented by fig. 6, a pro- 
thallial portion (p) had been formed. A leaflike and sporophytic 
growth (s) had also been produced in this case. Three projections 
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(m, m’, m’’), of the nature of secondary prothallia, had also been 
produced from the terminal gametophytic portion. 

The lamina of the leaf in some cases was wholly absent, the 
petiole being, however, well developed and resembling that of an 
ordinary leaf (fig. 16). From the ventral 
surface of each of the two large terminal 
gametophytic portions (0, c) numerous 
antheridia (a) had been formed. From 
the dorsal surface of one of the prothallial 
portions (b) two small secondary pro- 
thallia (m, m’) had begun their develop- 
ment. The vascular system, which was 
generally well developed in this portion 

Fic.1.—Cellof somewhat of the embryo sporophyte, extended 
intermediate character sur- for some distance into the terminal 
nrg aaa gametophytic portion. Between the 

gametophytic and sporophytic portions 
the cells were of an intermediate character, as shown in fig. 2, which 
is a highly magnified portion taken at ¢. From the petiole of the 
same sporophyte a prothallial portion (p) had been produced. This 
outgrowth bears no relation to the vascular system of the petiole. 
The much modified primary 
leaf just described was devel- 
oped in connection with a root 
and normal secondary leaves. 

A structure similar to the 
preceding one is represented 
by fig. 8. The petiole ap- 
peared to be well developed 
but both lamina and root were 
absent. The terminal portion 
was also distinctly gameto- 





Fic. 2—Peculiar cells, intermediate in 


phytic in nature and on both character, of Pieris sulcata; X162. 

surfaces numerous antheridia 

(a) of different sizes and secondary prothallia had been produced. 
An interesting form is represented by fig. 13, since the single 

large gametophytic portion has been produced in connection with 
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. line of demarcation between the two generations (fig. 3). 
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both petiole and lamina of\the leaf. The development of the 
gametophytic portion was observed for several months and during 
this period grew rapidly. In the meantime the first secondary leaf 
had been produced. From both surfaces of the prothallium pro- 
jections appeared, one of which resembled a young sporophyte (s). 
In this case a root (r) had been produced. The two projections (0) 
on the same surface of the prothallium (fig. 15) were similar to those 
appearing on the other surface, which with a small portion of the 
prothallium are shown 
highly magnified in 
fig. 14. While there 
is no marked differ- 
ence between the form 
of the cells of the out- 
growth and the pro- 
thallium, those of the 
latter are much larger. 
Whether any or all 
such projections pro- 
duce embryos was not 
determined. If the 
aposporously pro- 
duced prothallia of 
Pteris sulcata are like 
those developed from Fic. 3.—Cells of Pteris sulcata between gametophyte 
the germination of a nd sporophyte; X170. 

spore, and I am in- 

clined to think that they are, such growths may produce prothallia, 
cylindrical in form, sporophytes normal in every respect, or forms 
intermediate in character between gametophyte and sporophyte. 
These were frequently observed to develop from the prothallia in 
the culture. On the surface of the prothallium, from which the 
single projection appeared, a number of antheridia had also been 
formed. The nature of the cells of the two generations is shown"in 
a highly magnified portion of the region between the lamina of the 
leaf and the prothalloid part (d). There is also in this case a sharp 
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A number of forms were found in the culture which were inter- 
mediate in character, as shown by fig. 11. This growth resembled 
the leaf of an ordinary sporophyte. Typical epidermal cells 
including stomata, always present on the lamina of a leaf, were 
absent in this instance. No structure resembling a root was 
present. Fig. 4 shows the terminal portion of the lamina-like 
part. 

An effort was made to study the nature of the development of 
the prothalloid portions from the earliest stages. The earliest 
stage found was one 
composed of 4 or 5 
cells, formed in connec- 
tion with the petiole of 
the primary leaf. For 
several days the growth 
was followed and 
during that time a 
number of cells had 
been produced, as 
shown in fig.12. When 
the earliest stages were 
observed the leaf had 
already emerged from 
the prothallium, and 
distinctly gameto- 
phytic cells could then 





Fic. 4.—Terminal portion of leaflike structure of be seen. Since the 
Pieris sulcata; X322. number of instances 


of apospory appearing 
in the culture was not large, as compared with the number of 
sporophytes, a favorable opportunity to study the stages in sec- 
tions was not offered. It is certain that such forms represented 
by figs. 8 and 16 were never wholly sporophytic and later became 
gametophytic. From such an instance as shown in fig. 5, how- 
ever, it could readily be conceived that the prothallia developed 
from ‘the primary leaf which was distinctly sporophytic in 
character. 
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It seems not improbable that the gametophytic cells were 
present at the earliest stages in the development of the embryo. 
Since the sporophyte of Pleris sulcata is of apogamous origin, there 
is an intimate connection between the cells of the gametophyte and 
the sporophyte. These cells may be carried upward by the sporo- - 
phyte, and, retaining their power to divide, they may give rise to the 
gametophytic portions which have been described. 

It has not so far been possible to state the conditions under 
which apospory occurred in the culture of the prothallia of Pleris 
sulcata. All attempts to induce the phenomenon have failed. 
Young sporophytes grown in subdued light produced no game- 
tophytes aposporously. Portions of the leaves of young and old 
sporophytes when placed on moistened sphagnum also failed to 
develop prothallia. 

The nuclear history of Pleris sulcata was not followed. It is 
very probable, from studies so far made, that there is no change in 
the chromosome number when the apogamous embryo originates. 
It is also likely that when the gametophyte is formed in connection 
with the embryo sporophyte there is no change in the chromosome 
number. On account of the limited number of aposporous develop- 
ments in the culture no favorable opportunity was presented to 
count the chromosomes at a point in the life history when the 
gametophyte originates. It is believed, however, that the game- 
tophyte thus produced and one formed by the germination of the 
spore have the same number of chromosomes. 

The changes which are involved in the formation of an embryo 
of apogamous origin, except in the two Lastrea pseudo-mas varieties 
described by FARMER and Dicsy, are unknown. In these ferns, 
according to their description, fusion of adjacent prothallial cells 
and their nuclei initiate the formation of the embryo with the 
diploid number of chromosomes. It is certain from studies already 
made that such changes are not involved in any of the apogamous 
species which I have had an opportunity so far to investigate. 
Until the exact nature of the changes which are involved when the 
apogamous embryo originates are known, however, the origin of 
the aposporous developments in Pleris sulcata cannot be explained 
in a satisfactory manner. 
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Summary 


1. The gametophyte generation of Pieris sulcata L. is ordinarily 
produced by the germination of a spore. 

2. The embryo sporophyte is of apogamous origin. 

3. The gametophyte generation of Pteris sulcata under certain 
conditions was produced aposporously. 

4. The gametophytic portions or gametophytes were formed in 
connection with the lamina or the petiole of the primary leaf. In 
one instance a prothallium was produced from both lamina and 
petivle of the primary leaf. A sharp line of demarcation usually 
exists between the cells of the gametophyte and the sporophyte. 

5. The prothallial portions developed antheridia, secondary 
prothallia, and in one instance a sporophyte-like outgrowth. 

6. The antherozoids, produced by the aposporously developed 
prothallia, were actively motile and normal in appearance. 

7. Occasionally forms intermediate in character between game- 
tophyte and sporophyte were formed. 

8. It seems probable that the origin of the aposporously pro- 
duced gametophyte may be traced to an early stage in the 
development of the embryo. Since the embryo, on account of its 
apogamous origin, is intimately connected with the prothallium, 
it is not impossible that in some way cells of the prothallium may 
be embodied in the developing embryo. These cells, retaining the 


power to divide, may produce such outgrowths as have been 
described. 
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EXPLANATION OF PLATES XVI, XVII 


All of the drawings were made with the aid of a camera lucida. Figs. 
5, 6, 7, 8, 11, 13, and 16 represent a magnification of about 30 times. All the 
other figures, with the exception of fig. 10, were drawn with a magnification of 
about 325. Fig. 10 represents a slightly greater magnification. The drawings 
were reduced one-half in reproduction. 


PLATE XVI 


Fic. 5.—Lamina of primary leaf of sporophyte of Pteris sulcata from both 
surfaces of which a number of prothallia appear as outgrowths of leaf blade; 
a, a’, antheridia. 

Fic. 6.—Sporophyte of Pteris sulcata with large terminal prothallial portion 
formed in connection with primary leaf; m, m’, and m’’, young secondary 
prothallia; 6 and #, prothallial portions; s, leaflike outgrowth. 

Fic. 7.—Another sporophyte with large terminal prothallial portion; 
c, d, e, and f smaller prothallial portions; 7, “light” area, cells being neither 
characteristically sporophyte nor gametophyte. 

Fic. 8.—Sporophyte with well developed petiole of primary leaf; lamina 
displaced by prothalloid portion; », old prothallium; a, antheridium. 

Fic. 9.—Highly magnified portion of gametophytic region (b) and neigh- 
boring sporophyte cells shown in fig. 2. 

Fic. 10.—Highly magnified portion of m and neighboring cells shown in 
fig. 3; chloroplasts are less numerous and smaller in paler region than in pro- 
thallial cells; cells of paler region are somewhat intermediate in form, partaking 
of nature of both generations. 

Fic. 11.—Leaflike portion; epidermal cells of lamina not typically sporo- 
phyte, being regular in form and lacking stomata. 

Fic. 12.—Early stage in development of prothallium (p) in connection 
with petiole of primary leaf. 


PLATE XVII 


Fic. 13.—Sporophyte with prothallium produced from both lamina and 
petiole of primary leaf; 0, outgrowth from one surface of prothallium. 

Fic. 14.—Highly magnified view of outgrowth (0) shown in fig. 9; cells 
in outgrowth much smaller than those of prothallium. 

Fic. 15.—Three outgrowths (0 and s) on other surface of prothallium 
represented in fig. 9; 7, rootlike portion of outgrowth (s). 

Fic. 16.—Primary leaf of sporophyte; 6 and c, prothallial portions; m, 
m’, secondary prothallia developed from dorsal surface of }; p, prothallium 
developed from petiole; a, antheridium. 
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HYDROGEN CYANIDE FUMIGATION 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 249 
E. E. CLAYTON 
(WITH TWO FIGURES) 


The object of this work was to secure data on the manner in 
which green plants are affected by exposure to hydrocyanic acid; 
with particular emphasis on the resistance of the plants to this gas 
and the modification of this resistance by various factors, external 
and internal. A number of articles have been published concerning 
the effect of cyanide on animals. More recently its action as an 
enzyme paralyzer has been brought forward prominently. 
Information as to the action of cyanide on plants is of scientific 
interest, and certainly of practical value, for hydrocyanic acid finds 
important use as an insecticide in orchard and greenhouse practice. 
Circumstances have forced the discontinuance of this work, with 
many phases of it incomplete, but enough facts have been estab- 
lished, and enough new lines suggested, to warrant its publication 


in this incomplete form. 
Historical 


Literature bearing on this problem is not abundant. The 
Department of Agriculture and several of the experiment stations, 
notably the California station, have published a number of bulletins 
dealing with fumigation as a commercial process; but the work done 
is of a kind which assists little in answering the fundamental physio- 
logical questions involved. The action of cyanide on the animal 
and in connection with various chemical processes has been 
thoroughly investigated, and from a consideration of these data we 
can gain much. 

ScHONBEIN (8) first called attention to the inhibitory effects of 
hydrocyanic acid. He worked with the leaves of plants, and also 
with animal blood, and found that the presence of the acid prevented 
each of these materials from decomposing hydrogen peroxide. He 
concluded that the extremely poisonous action of cyanide on the 
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animal was due to an incapacitation of the red blood corpuscles, 
which caused suffocation, a conclusion still generally accepted. 
GEpPERT (3), and still later VERNON (10), who worked with animals, 
found this same inhibitory effect of hydrocyanic acid on respiration. 
They showed that if a lethal dose has not been given the organism 
recovers completely; that is, if the organism is not killed it is not 
injured in any way. SCHROEDER (9), using the fungus Aspergillus 
niger, made a long series of determinations on the effect of potassium 
cyanide on respiration. He confirmed the previous work and 
emphasized the fact that, if cells were not exposed too long, recovery 
was complete. He also did some work with ether, and decided that 
the inhibition of respiration caused by treatment with this 
anesthetic was quite different in character from inhibition caused by 
treatment with cyanide. He characterized diminution of respira- 
tory rate through treatment with ether as a secondary effect, 
brought about by previous death of the tissue; while diminution 
of respiratory rate through treatment with cyanide is a primary 
effect, the cyanide directly inhibiting respiration and killing the 
tissue. 

MarTHEws (5) has offered strong arguments favoring a contrary 
view, namely, that hydrocyanic acid and anesthetics both act 
primarily on the respiratory processes, each affecting these in 
exactly the same manner. 

Another activity of cyanide, which has come into prominence in 
recent years, is its réle as an “enzyme paralyzer’’ and more specifi- 
cally its ability to check certain chemical reactions carried on in the 
laboratory. Brepic and IKEDA (1), also LOEVENHART and KASTLE 
(4), have found that in the catalytic decomposition of hydrogen 
peroxide the addition of a very small amount of potassium cyanide 
completely stopped the reaction. They concluded that the cya- 
nide was acting on the catalytic agent. MATHEWs and WALKER 
(6), who worked on the spontaneous oxidation of a very reactive 
amino acid, cystein, found that a very small amount of potassium 
cyanide checked this action. Their statement of the probable 
explanation of this is interesting, since the same reasoning is equally 
applicable to other inhibitions of oxidation processes by cyanide. 
“The proportion of cystein molecules in a condition to be oxidized 
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at any given time is extremely small; while the proportion of active 
potassium cyanide molecules is large. The number of active oxygen 
atoms is also small. If we further assume that the cyanide unites 
with the cystein at the same point where the oxygen ordinarily 
combined, then the results obtained are easily understood.” In 
plant respiration, with cyanide present, we have the same general 
condition; that is, the oxygen of the air is not able to oxidize the 
plant compounds, and we may suppose that the cyanide has acted 
in the same way. In the case of respiration, of course, we may have 
a chain of several oxidations and reductions, and the exact point at 
which the cyanide intervenes is not known. 


Material 


With the data at hand, while there is much on which to base 
inferences, there is nothing which tells of the behavior of an auto- 
troph and the factors influencing this. Consequently, since this 
was pioneer work, it seemed highly desirable that it be done with 
normal green plants under normal conditions. The tomato was 
selected because it is easy to grow, sensitive to cyanide, and a plant 
commonly requiring fumigation in the greenhouse. Work under 
conditions such as those indicated is made difficult by the presence 
of factors not under control, which vary conditions with the different 
periods of time. In consequence of this it seemed best, in the case of 
most of the material experimented upon, not to try to carry on the 
work to its final expression, but merely to open up the way. The 
writer hopes at a later date to complete the work upon some of 
the more important phases with conditions carefully controlled. 


Responses 


The response of the plant to varying concentrations of hydro- 
cyanic acid was observed as indicated by the subsequent growth of 
the plant. Two main points were considered in deciding the effect 
of a given concentration of gas: (1) the growth rate of the plants 
after fumigation; (2) the appearance and growth character of the 
plants after fumigation. The method was to select 7 or 8 groups 
of plants, similar in all respects, and to fumigate these on successive 
nights. Suitable checks were kept, and the growth of the treated 
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plants was compared with the growth of the check plants during 
the same days. Many series, made up as indicated, were run, the 
experiments covering a period of 5 months. It is obvious that the 
slow growing plants of January are not wholly comparable with 
the rapid growing plants of April. This matter cannot be controlled, 


TABLE I 


AVERAGE INCREASE OR DECREASE IN GROWTH DURING I2 DAYS 
FOLLOWING FUMIGATION 


























‘ Plants Percentage Percentage Percentage 
KCN per cubic feet sane = - - sth ed ‘a, oth fod ath 
0.008 BM... ....5. 6 —16 +13 — 8 
0.002 @M....... 10 —19.5 — 1.5 —I1.5 
7002 @M.:..... 20 —II.5 —10.2 + 9.3 
0.004 8M......5. 19 — 5.5 +21 —-7 
0.005 OM... 0... 25 — 4.2 +11.4 +11.6 
0.006 gm....... 30 — §.7 +16 +13 
O.007 BMiew <...5 20 +17.7 +7 + 6.5 
0.008 gm....... 16 +33 +15 .3 —18 

TABLE II 


PERCENTAGE OF 4 DAY PERIODS SHOWING DECREASED GROWTH 
RATE AND ALSO PERCENTAGE SHOWING INCREASED 
GROWTH RATE 
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KCN . rate y stemtg ie g ote tena - 
cS | ee 66.6 33-3 
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ee hE eee 22:8 66.6 
EIR 5 a 4-8 ose o b-dd 23.4 65.5 
es ee 16.6 75.0 








and introduces an element of error. The time of exposure, length of 
exposure, temperature, and moisture conditions were similar in all 
cases. Using the growth of the check lots as 100 per cent, the loss 
or gain of the treated lots was computed, and from these values the 
averages shown in tables I and II were secured. 

Consideration of these data shows that with concentrations of 
cyanide up to 0.004 gm. per cubic foot of air space, the effects were 
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somewhat detrimental to the growth of the plant. With 0.004, 
stimulation and retardation effects seem to be about balanced; but 
at 0.005, and continuing up through 0.006 and 0.007, stimulation 
effects plainly dominate. The plants giving these responses 
retained after the treatment all appearances of normal growth and 
metabolism. 

With the concentration of 0.008 gm. KCN the first injury 
appeared, although there was some variation in this regard. Thus 
in one series no injury appeared before o.o1 gm. KCN. The 
harmful effect of this injury was very marked. Growth records 
were taken for concentrations up to 0.016, but unfortunately, with 
these damaging strengths (0.008-o.016), growth records do not 
always indicate the true condition of the plants. False stimulation 


TABLE III 


PERCENTAGE INCREASE OR DECREASE IN GROWTH FOLLOWING FUMIGATION 














Percentage | Percentage Percentage Percentage 
KCN per cubic foot Istto 4th | sth to 8th oth to 12th 13th to 16th 
day day day day 
0.007 gm.: no injury,......... +14 | +32 — 33 —16 
0.008 gm.: injury to parts of 
eer are erin: +36 | +44 =< —44 
0.009 gm.: injury to all plants. . —37 | + 2 —63 —58 
iON Docu eee cee eceeceus —29 =| —29 — 66 
COO ioscan eas ve tewdn ees —16 —40 —12 | 











was frequently shown. This is an increase in growth rate of plants 
obviously in poor condition. The explanation of this false stimula- 
tion is that the growing tips of plants are rarely killed, and in con- 
sequence of the loss of considerable leaf area through injury these 
growing tips are forced into renewed activity. Thus badly injured 
plants in the course of a month’s time form entire new tops, 
although old injured leaves drop off, for the most part. Usually, 
however, when injury occurred the depressing effects were so strong 
that this increased growth rate was very transient in character, or 
did not show at all, as is seen in table ITI. 

A characteristic feature of this injury is the duration of the 
depressive effects. The plants were still far below normal at the 
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end of the 12 or 16 day period recorded. The following results 
were secured: 
GRAM KCN PER CUBIC FOOT OF AIR SPACE 


0.Oor 


0.002, temporary depressive effects 
0.003 


0.004, intermediate effects 
0.005 


0.006, temporary stimulative effects 
0.007 


0.008, relatively permanent depressive effects 
0.009 
0.01 


It is interesting to note that the greenhouse white fly (Aleyroides) 
was killed at a concentration of 0.006 gm. KCN. Another point 
worthy of emphasis is that the actual difference in amount between 
a concentration of cyanide which brings about noticeable injury 
to the plants, and one which does no harm, may be very small 
indeed. This compares very well with previous statements (3, 9) 
that cyanide either killed or that recovery was complete. 

There is not much work which can be cited in substantiation 
of the mixed stimulative and depressive effects found. In the work 
with hydrogen peroxide (4) very low concentrations of cyanide 
accelerated the reaction. Again it was discovered (7) that cyanide 
hastened the oxidation of an amino acid when the amino acid was 
present in an impure state. With these two exceptions the cyanide 
literature bearing on this work deals with inhibitory actions. 


Factors 
EXTERNAL FACTORS 


MotsturE.—In considering moisture as an external factor we 
deal only with the effect of free water on the leaf surface of the 
plants fumigated. It is common knowledge among greenhouse 
men that if plants go into the fumigation wet, considerable injury 
is often induced. In testing this I have found that some species are 
made more susceptible to injury by wetting the leaves, while other 
species are not visibly affected. The tomato is in this latter class. 
On closer observation it was found, in the case of the tomato, that 
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not only did the free water have no detrimental action, but actually, 
under certain conditions, gave beneficial results. This was true 
in the cases where the strength of fumigation was not sufficient to 
injure the plants (below 0.008 gm. KCN): 


GROWTH DURING I2 DAYS FOLLOWING FUMIGATION 


Dry plants Wet plants 
Dok sG hausces sees TOO PCF CONE... cr csecvecccece 127 per cent 
BOE Bava se nlexetoaets TOO DOP OME. ko aclcciccdva ews I15 per cent 
Sere ree ree RO OE CO isa bods cance yes 139 per cent 


With the following data, however, the fumigation was strong 
enough to injure the plants: 


Dry plants Wet plants 
BOE: cites cee ene ee FO er OOo ics since kee I15 per cent 
(A, See ee cere ee SORE CONE 65 6 Sa ck ccna dees 99 per cent 
oe en eer re ROG EP COE oo ss kssks ccntecaes 100 per cent 


Thus wetting the leaves had a beneficial effect if the fumigation 
was not strong enough to cause injury. With the appearance of 
injury this beneficial action ordinarily disappeared. The results 
just given are from experiments performed at wide intervals, and the 
plants used varied greatly as to size and age. Moisture present in 
pans as free water surfaces or saturated soil gave negative results. 

TEMPERATURE.—The effect of temperature on plant resistance 
was determined qualitatively only. Excessive temperatures during 
the period of fumigation very materially increase the amount of 
injury. A variation of 20° F. has a marked effect; thus plants 
fumigated at 75° F. suffered much less injury than others which 
were fumigated at 95°. In what way temperature affects the 
plant, to cause these changes, has not been determined. One 
possible explanation is that the effect is through changes in per- 
meability of protoplasm, such as RYSSELBERGHE, LEPESCHKIN, and 
EcKERSON have shown to occur, or even in permeability of wall 
structures. That it may be due to a change in the rate of chemical 
reaction is of course possible. 

Licut.—Light undoubtedly exerts a direct action on plant 
resistance, but the conditions did not permit accurate observation 
on this point. Here permeability changes as well as catalytic effects 
of light appear possible. The indirect action of light as a regulator 
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of stomatal aperture and in connection with photosynthetic activity 
will be discussed later. 
PLANT FACTORS 


PROTECTIVE MEMBRANES.—Most plants which are highly 
resistant to cyanide are characterized by having thickly cutinized 
or suberized epidermal membranes which serve as a protection. 
As further evidence of the protective power of these, Tradescantia 
zebrina is made perceptibly more resistant by coating the upper 
surfaces of the leaves with Blackman’s wax. The Tradescantia 
leaf has no stomata on the upper surface, and the reduction in 
injury must be due to the wax covering, thus making the thin 
epidermis relatively impervious. This increased resistance, when 
unobscured by a large amount of stomatal activity, is very marked. 
It is by no means possible to explain all differences in resistance on 
the basis of protective membranes, however. The radish endures 
without injury 3 times the strength of fumigation which a tomato 
endures, yet microchemical examination reveals but little difference 
in the cuticular development. 

STOMATA.—The stomata seem to be the most important single 
factor in determining the amount of injury resulting from hydro- 
cyanic acid fumigation. To ascertain the extent of their influence 
experiments were conducted in the following manner. Fumigations 
were run at various times of day and night, using like strengths of 
cyanide. Each lot of plants exposed included tomatoes and 
Tradescantia zebrina, the leaves of the latter being painted in various 
ways with Blackman’s wax. After the beginning of each fumiga- 
tion samples of epidermis were taken from several species with large 
stomata (Geranium and Tradescantia), and the amount of stomatal 
opening determined under the microscope. 


FUMIGATIONS CONDUCTED ON A VERY DARK RAINY DAY (0.02 GM. KCN 
PER CUBIC FOOT) 


EXPOSURE 1:30 TO 3:30 P.M. 
MNO osc oc tes cies pues xen Badly injured 
Tradescantia 
Leaves under surface coated. . Uninjured (stomatal surface closed) 
Leaves upper surface coated. . Badly injured (stomatal surface open) 
Leaves untreated............ Killed (stomatal surface open) 
Average stomatal opening 1:30 P.M., 3.5 u 
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EXPOSURE 5:30 TO 7:30 P.M. 


WA 6 5S 5 ost onsen vies Slightly injured 
Tradescantia 


Leaves under surface coated. . Uninjured (stomatal surface closed) 

Leaves upper surface coated. . Uninjured (stomatal surface open) 

Leaves untreated............ Slight injury (stomatal surface open) 
Average stomatal opening 5:30 P.M., almost all stomata were closed. 


EXPOSURE II 130 P.M. TO 1:30 A.M. 


Ne fascias cioeis acento’ Occasional slight injury 
Tradescantia 
Leaves under surface coated. .No injury (stomatal surface closed) 
Leaves upper surface coated. . No injury (stomatal surface open) 
Leaves untreated............ No injury (stomatal surface open) 
Average stomatal opening, none. 


It was evident that the closing of the stomata greatly increased 
the resistance to fumigation. Approximately speaking, if 100 
per cent were to represent the injury at 1:30 P.M., by 5:30 P.M. it 
had dropped to ro per cent, and by 11: 30 to 2 per cent. Why the 
plants were most resistant at the very late period was not entirely 
apparent, the stomata at 5: 30 P.M. being, with very few exceptions, 
as tightly closed as at 11:30 P.M. Miss EcKerson, however, has 
found that stomata in certain portions of some leaves lag behind 
as toclosing time. During sunny weather there are great variations 
of light and temperature in the course of a day and night. This is 
in contrast with conditions during dark weather. In a sunny 
period, however, considerable work was done between 6: 30 P.M. 
and midnight. 

It was found that stomatal activity, as indicated by injury to 
the hypostomatous Tradescantia, continued on a gradually diminish- 
ing scale till 8:45 p.m. (about 2 hours after sundown). The stomata 
at this time were found to be almost closed. A noticeable fact was 
that at the later periods the correspondence between the amount of 
stomatal opening and the injury was not absolute. The injury at 
8:00 P.M. was not so great as would have been expected from the 
size of the openings. In sunny weather, as in dark, there was a 
gradual increase in resistance of the plants during the night. The 
maximum of resistance was reached during the period between 
II: 30 P.M. and 1:00 A.M. 
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In conclusion it may be said that the amount of injury follows 
the stomatal movement rather closely. A fumigation at 5:30 P.M. 
on a dark day was about equivalent in injury to one at 8:30 P.M. 
on a bright day. 

CHEMICAL FACTORS 


WATER.—It was early observed that there were rather wide 
differences in the resistance of tomato plants grown under various 
conditions. It was found that when plants grew rather slowly, with 
a high chlorophyll content per unit area, they were very resistant 
to the hydrocyanic acid. Plants growing rapidly, with a low 
chlorophyll content per unit area, were very susceptible to injury 
from the hydrocyanic acid. Thus, judging solely by intensity of 
color, it was possible to select from a large group of plants 2 lots 
differing widely in their ability to withstand injury. Variations in 
water supply seemed to be the underlying cause of these differences, 
although other conditions will produce similar characters. To test 
this the following experiment was conducted: Twenty-four plants 
in vigorous growing condition were selected and divided into 2 lots. 
Lot 1 was watered only enough to keep growing, while lot 2 was 
watered abundantly. After 10 days, plants from lot 1, now dark 
green, were fumigated and found very resistant. Plants from lot 2, 
which were light green, were very easily injured by fumigation. An 
exhaustive chemical analysis of these plants was not made, but 
preliminary tests revealed one significant fact: the resistant plants 
(lot 1) had a greatly increased carbohydrate content. The reducing 
sugars claimed attention as being the most reactive of these sub- 
stances, and also the ones most concerned in plant respiration. 
Determinations of the reducing sugar content of the leaves of lots 
1 and 2 gave the following results (the samples were taken at 5:15 
P.M.): lot 1, non-resistant leaves, o.108 per cent calculated as 
dextrose per unit weight of green tissue; lot 2, resistant leaves, 
©.57 per cent dextrose per unit weight of green tissue. Thus the 
resistant plants had much more reducing sugar. The actual 
amount is not large in either case, but the relative difference is 
great, lot 2 being 5 times as rich in reducing sugars as lot 1. The 
dry weight of the plants of lot 2 averaged little more than 1.5 times 
the dry weight of lot 1. 
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A possible réle of reducing sugars as determiners of resistance 
was further tested by arbitrarily changing the sugar content of 
plants and observing the effects on resistance. 

(1) Plants were placed in a dark box for 48-72 hours. This 
treatment brings the reducing sugars in the leaves practically to 
zero at the end of these periods. These plants, when fumigated, 
were found to be very easily injured. 

(2) Plants treated exactly the same were taken from the dark 
box 12 hours before the fumigation and infiltrated with a glucose 
solution. They were returned immediately after the infiltration 
to the dark box, the exposure to light not exceeding 20 minutes. 
Plants thus made rich in glucose were highly resistant to cyanide 
injury. The following are extracts from data collected on this 
point: 


FUMIGATION WITH 0.012 GM. KCN PER CUBIC FOOT, INFILTRATED AT 9:30 A.M. 


AT 6 CM. MERCURY PRESSURE 
DARK BOX PLANTS 


Ede ected eos Sone tate waonees Bad injury 
INFILTRATED PLANTS 
O:56 EP CONE QNOUB. 5 6 oc Skins Sececucs Slight injury 
O56 DOF CHE QINCUNE: 6.5 66 5 ec eva een eis No injury 
DOE CREE GION oon sc eben nteids No injury (from fumigation) 


FUMIGATION WITH 0. 14 GM. KCN, INFILTRATED AT 10:00 A.M. AT § CM. 


MERCURY PRESSURE 
DARK BOX PLANTS 


WONG 65s eco eae cee cee knaes Vewwcueecue Very great injury 
INFILTRATED PLANTS 

©.90 PEF CONE QIMICOSE. . 2... cece senses No injury (from fumigation) 

O95 PEF COME GAMIOOE 5.5 oo. 5 os cacscia six No injury 

COS EE CONE ON nas nc aivcecaweass Very slight injury 


With concentrations of glucose o.g per cent or above there was 
some injury to the plants from plasmolysis; such injury was distinct 
from that due to cyanide and caused no confusion. These experi- 
ments were repeated many times with uniformly decisive results. 
Frequently the check plants (not infiltrated) had their entire tops 
killed, while the treated plants showed little or no injury. 

With these data in hand it is possible to say that for plants to be 


“normally” resistant they must have a fair content of reducing 
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sugar. MEYER has made determinations of the amounts of car- 
bohydrates during the course of the day and night. Working with 
the leaves of Tropaeolum, he found that reducing sugars were at a 
minimum during the day but started to increase with nightfall. 
Analyses of tomato leaves yielded similar results; when the weather 
was bright the maximum reducing sugar content was found at 
1:00-2:00 A.M. During dark weather this gradation was found 
to be much disturbed, as would be expected. The following figures 
were secured from the tomato leaves during such a period: 


REDUCING SUGARS; WEATHER VERY DARK AND RAINY 


1:30 P.M., 0.414 per cent, calculated as dextrose (net weight) 
5:30 P.M., 0.335 per cent, calculated as dextrose 
11:30 P.M., 0.285 per cent, calculated as dextrose 


Presence of other factors made it impossible to ascertain what 
effect these variations had on resistance. There seems to be little 
doubt that the glucose in the plant acts as a protective agent 
against injury by cyanide. Considering glucose to have a direct 
effect, there are several possibilities concerning the manner of this 


action. (1) It may protect the plant by supplying an excess of 
molecules to unite with the cyanide entering. Cyanide does unite 
readily with glucose. (2) There is much evidence in physiological 
experimentation, with both plants and animals, showing that an 
excess of glucose present will temporarily take the place of missing 
oxygen. Asphyxiated animals produce glucose in excess amounts, 
other compounds being broken down. Plants, in absence of oxygen, 
behave normally for a time when glucose is supplied. It may very 
readily be that the protective action of the glucose is an indirect one, 
working through other channels. Thus it may possibly modify 
stomatal action. 

What goes to make up a resistant plant, and under what con- 
ditions is it most resistant? We have given but little attention to 
the first of these questions; hence the broad problem of why certain 
species of plants are much more resistant to cyanide than others 
will be left without attempting an answer. Rather exhaustive 
comparative studies seem to be the only possible way of solving this. 
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Concerning the conditions under which plants are most resistant, 
the following statements are possible: 

The resistance of the tomato to cyanide is increased by the 
presence of water on the leaf surface, but with some species wet 
leaves increase injury. Temperature should be moderately low. 
Light intensity should be low during the day preceding the fumiga- 
tion. The plants should go into the fumigation with the stomata 
closed. A large amount of reducing sugars in the plant is correlated 
with maximum resistance. Checking growth by reducing water 
supply, during the period preceding the fumigation, increased 
resistance. 

The action of cyanide on entering the plant is a very interesting 
question, and all evidence favors the conclusion that cyanide 
combines readily with the substances there. In certain species of 
plants cyanides in the form of glucosides occur, and on these 
naturally occurring cyanides a great deal of work has been done. 
The investigators (12, 13) are unanimous in considering that this 
cyanide is never in an uncombined state. Granting then that the 
hydrocyanic acid, on entering the plant, unites quickly with plant 
compounds, there may still be variations in the type of union. 
Thus possibly there may be adsorption under certain conditions and 
under other conditions chemical combination. 

Methods for the determination of cyanide in plants have been 
devised (2, 11), but they are rather laborious. One method is based 
on the fact that a cyanide in a picric acid-sodium carbonate solu- 
tion gives a red color. The depth of the color, as compared with 
a standard range, is the basis of estimation. The coloration is due 
to the strong reducing action of the cyanide, but unfortunately the 
cyanide is not the only substance present in the plant which gives 
the reaction. For accurate quantitative work it is necessary to 
isolate the cyanide compounds. This was not done at this time; 
instead, estimations were made on unit weights of leaf tissue. The 
leaves were put in the picric acid—sodium carbonate solution, and 
observations were made after 24 hours by means of a colorimeter. 
The phrase “reducing substance content” is used because, as 
already stated, the cyanides are not the only things reacting. The 
variation in values secured, during the course of a series of 
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fumigations, is very interesting. In the data T represents an 
empirica] measure. 


FUMIGATION STRENGTH IN GM. REDUCING SUBSTANCE 

KCN PER CUBIC FOOT CONTENT 
eS aa RAG Dee IC ICE TST CoP OCR Eck Ses (Oe eM RC a Ne 
EDEN sa caifs ote aac do ie ovauin'ca lah okkg aya Ei ede PA Tia ta ew WM aes + ale pian ta T 8 
PMG in Sit aad sates wis PV aa Sattials Sate Le igeAhietiaka teeta ae je 
eae SS REE OO TORT PA ERE CAPRICE Petree oP OUTS BORE a UE CT ERIE OER, Tee Bos. 
BREA ce ccrate wea Ghel Seria aia. ais s ainag RAINne Mime RCA Coie NlageTemals T 9 
OS PITA EE INE INITIO oo aos Se 0. cio 5 gar se ne Siersioie oo 4 stew Se wee T 4 
ROIs ec srrra hein ests 040 4 ane esis sh ATA CUR FINNS Cavehamimnrssnincn’ | 
PRN laser she a rasiaahe Gust alocea Seti staia rater ee etches Eni aan ee ar Be 
PN hc aga ns womens eaten ae eaee ol Cea gion ws euate stan T 2.5 
MI aie SS ie 5 ci dala/d rao ais ee Sg VO DE Re ed aioe es Se 
INPRO rica 1a eram pis 5a cre a alurerwvod Bue seis ths 6 WN RN i EE URS ge 


The sudden drop at the point of first injury was very noticeable; 
thus from T 9 toa value less than half. Considering this drop as an 
index of chemical changes, it agrees well with the results of the 
growth experiments recorded at the beginning of the paper. Every 
indication was found, also, that the action of the cyanide, at a 
concentration just below the point of external injury, was radically 
different from its action at and beyond this point. 

There are two main types of injury resulting from cyanide 
fumigation: (1) the killing of definite areas of leaf and, much more 
rarely, stem tissue. This injury is always localized on the younger 
portions of the plant. (2) Injury in the form of an epinastic 
response. This is frequently found in cases where the fumigation 
was just a trifle too strong. Asa rule, under these circumstances, 
there is no apparent injury to the plants for a period of 5—7 days 
after the fumigation, and then a twisting of certain leaves (epinasty) 
becomes apparent. This kind of injury is quite distinct from the 
distortion which arises through an excessive killing of tissue. 

The drawings in fig. 1 were secured after fumigating, with a 
damaging strength, a house containing tomato plants of different 
ages. The movement of the injury from the inner portions of the 
leaf in the old plants to the outer portions of the leaf in young 
plants was noticeable. The drawings show all the injured leaves 
from representative plants. Even with the very large plants the 
injury did not extend below the third or fourth leaf from the tip. 
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Fic. 1.—Injury from cyanide fumigation to tomato plants ranging in age from 
seedlings to mature plants (a, b, c,d); the injury is shown by the black areas, and 
it will be noted that the leaf tissues killed in the small seedlings (a) are peripheral, 
and also more or less apical. 








498 BOTANICAL GAZETTE [JUNE 


There are several possible explanations of this localization on 
the younger portions. The epidermal membranes are not so well 
developed in the young leaves and it is easier for the cyanide to 
enter. The younger and more rapidly growing portions of a plant 
are the first to suffer in abserfce of oxygen. It may be that the very 
reactive state of the protoplasm in these parts makes them less 
resistant. 






19 


Fic. 2.—Older plants, in which there is a steady change in the location of the 
injured areas; until with old bearing plants the killed area is basal, and is not limited 
to the margin of the leaf. 


The rapidity with which cyanide can kill the plant tissue is 
another point of interest. The plant can live in the total absence of 
atmospheric oxygen for some time. However, 5 hours after the 
beginning of a damaging fumigation it was possible to see the dead 
leaf areas, dark and water-soaked in appearance. 

It may be said that there are several things which stand out 
prominently as causes for the unsatisfactory results often secured 
from greenhouse fumigation with cyanide. First, there is a lack of 
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- appreciation of the necessity for delicate regulation of amounts of 
cyanide. Every separate greenhouse varies in its ability to retain 
the gas, and it is not alone the amount of cyanide which is put in 
that counts, but rather the amount which is retained. Thus 

definite recommendations cannot be given more than it is possible 
to give a universal fertilizer formula. Second, it is the usual thing 
to start the fumigation during the latter part of the afternoon when 
the stomata are still open. This is sure to induce excessive injury. 
It is safe to start fumigation 2.5-—3 hours after sundown on a bright 
day, or at sunset on a very dark day. 


Summary 


1. Different concentrations of hydrocyanic acid gas gave effects 
ranging from stimulative to depressive. The maximum of bene- 
ficial results was secured from concentrations deadly to insect life, 
but just a little below the point of first injury to the plant. 

2. External factors having important action on the resistance 
are as follows: (a) wetting the leaves had a beneficial effect on the 
tomato; (b) reduced temperature and low light intensity during 
the day preceding fumigation increased resistance. 

3. Injury closely paralleled the stomatal movement, increasing 
as the size of stomatal aperture increased. 

4. A higher or lower water supply in the soil affected resistance, 
through hastening or retarding the growth rate. Rapid growing 
plants were susceptible to injury, while slow growing plants were 
more resistant. 

5. High reducing sugar content seemed to be correlated with 
maximum resistance. 

I wish to acknowledge the assistance given by Dr. WILLIAM 
CROCKER and Dr. Soputa H. EcKErson, under whose direction 
this work was conducted. 


UNIVERSITY OF WISCONSIN 
Mapison, WIs. 
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STUDIES OF SOME PORTO RICAN FUNGI 


Leo R. TEHON 


(WITH PLATE XVIII) 


The fungi reported and described in this paper represent a 
miscellaneous group of specimens from the collections of Dr. F. L. 
STEVENS in Porto Rico. They were selected by him and turned 
over to the author for study.. Most of the numbers present points 
of special interest to the mycologist, as will be seen later in con- 
nection with the individual species. Type and co-type specimens 
are deposited in the herbarium of the University of Illinois, and in 
the herbarium of the New York Botanical Garden. 


Coccomyces De Notaris 


COCCOMYCES CLUSIAE (Lev.) Sacc. Syll. Fung. 8:147. 18809. 

On dead leaves of Clusia rosea Jacq., Maricao, July 19, 1915. nos. 882a, 
8765 (figs. 8, 9, 10). j 

It is assumed that these specimens belong to this species. No exsiccati 
have been available for comparison and the descriptions extant are too meager 
to allow of a positive determination. The fungus, however, clearly belongs to 
the genus Coccomyces, and its occurrence on Clusia is regarded as being sufficient 
to warrant calling the specimens C. clusiae. For the convenience of other 
workers an emended description of the species follows: 


Spots irregular, large, light-colored, amphigenous, thickly dotted 
with ascomata. Ascomata amphigenous, but chiefly hypophyllous, 
black, circular, subepidermal, erumpent, o.5—2 mm. in diameter, 
rupturing with the epidermis by 4 or 5 radial splits. Paraphyses 
filiform, numerous, coalescing above into a brown epithecium. 
Asci long, narrow, cylindrical, 100-135 X7 u, 8-spored; ascospores 
filiform, 1 in diameter and nearly as long as the asci, multi- 
cellular, hyaline. 


Under the microscope the bottoms of empty ascomata present a curious, 
honeycombed appearance as the result of numerous pits in the hymenial layer 
(fig. 9). With the hope of finding an explanation for the pitted condition there 
found, microtome sections were made of the ascomata, some of which contained 
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asci and some of which did not. An examination of the sections disclosed the 
fact that, in certain regions of the hymenium, ascigerous hyphae do not develop. 
In these places there is, therefore, only a very thin covering formed over the 
bottom of the ascoma and a corresponding pit in the hymenial surface results. 
The formation of a large number of these pits causes the honeycombed appear- 
ance on the floor of older ascomata from which the asci have disappeared (figs. 
Q, 10). 


CoccoMycEs MUSAE (Lev.) Sacc. Syll. Fung. 8:752. 1889. 

On dead leaves of a cultivated species of Musa, Rio Maricao, above Mari- 
cao, September 10, 1913, no. 3631 (fig. 7). 

With this, as with the preceding species, no exsiccati have been available 
for comparison, and the current descriptions are not such as would make 
possible an accurate determination. The fungus clearly belongs to the genus 
Coccomyces, however, and its occurrence on Musa is regarded as being sufficient, 
with other general superficial characters, to place it under the species already 
described for that host. Since, however, the previous description is so meager, 
an emended specific description is here given. 


Spots amphigenous, whitish or straw-colored, roundish, 5-10 
mm. in diameter, frequently confluent, uniformly but sparsely 
dotted with ascomata. Ascomata punctiform, black, 350-750 u 
in diameter, rupturing irregularly by a 3 or 4-partite radial cleft. 
Asci cylindrical, short-stipitate, 55-90 X 10-12 wu, 8-spored; asco- 
spores long, rodlike, with obtuse ends, 50-703 u, hyaline and 
multiseptate at maturity. Paraphyses long, filamentous, numer- 
ous, exceeding the asci, hyaline. 


MELIOLA Fries 


The following species constitute a few that were overlooked, 
either because. of their resemblance to other fungi, or because of 
their inevidence on a host collected for the sake of other fungi upon 
it, when the monograph of Porto Rican Meliolas was compiled by 
Dr. STEVENS." 

Meliola conferta, sp. nov.—Spots amphigenous, irregularly 
circular, punctiform, o.5—-1 mm. in diameter. Mycelium brown, 
densely compacted, radiate, branches opposite, filaments 8 u in 
diameter. 


t STEVENS, F. L., The genus Meliola in Porto Rico. Ill. Biol. Monographs 2: 
no. 4. 1916. 
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Capitate hyphopodia opposite, exceedingly crowded, intricately 
interlocked with the hyphopodia of adjacent filaments, apical cell 
ovoid to globular, 1218 in diameter, basal cell 3-6 u long. 
Mucronate hyphopodia few, opposite, situated mostly near the 
ends of the hyphae, bottle-shaped, 18 long. Mycelial setae 
none; perithecial setae few, 6-8, arising subapically, straight, 
7X80 pw, tips obtuse. 

Perithecia 120-135 wu in diameter, rough; asci 2-spored, soon 
evanescent; ascospores brown, 4-septate, obtuse, slightly con- 
stricted, 40X15 p. 


On leaves of Rhacoma crossopetalum L., Mona Island, December 20, 1913, 
no. 6147 (type) (figs. 17, 18, 19). 

The compact habit of this species is very remarkable. Starting from a 
single spore, the spot develops into an exceedingly thick black mass. The 
hyphae are arranged radially and branch repeatedly, so that when the whole 
colony is seen under the microscope it is almost impossible to distinguish 
individual filaments. The radial habit, when the fungus is viewed in place 
on the host leaf, strongly suggests the radial character of an immensely large 
Microthyriaceous perithecium. 

This Meliola is probably most closely allied to M. parethesicola Stevens, 
but can readily be separated from it because of its denser habit and the fact 
that the perithecial setae arise subapically instead of basally. What appears 
to be a constant manner of spore germination has repeatedly been seen. From 
one of the end cells of the spore there is put out a capitate hyphopodium (fig. 18) 
which acts as an anchor for the spore. Following this, filaments are sent out 
from the other cells of the spore and begin to branch and rebranch immediately. 
Thus the characteristic compactness of growth is assumed almost with the 
germination of the spore. 


MELIOLA PEREXIGUA Gaill. Le Genre Meliola. 98. 1802. 

On leaves of Petiveria alliacea L. at Corozal, February 21, 1913, no. 415. 

This species has not hitherto been reported from Porto Rico, or on this 
host. The specimen, however, agrees thoroughly with GAILLARD’s description 


of the species. 
MELIOLA ASTERINOIDES Wint. Hedwigia 96. 1886. 


On the upper surfaces of leaves of Genipa americana L., no. 7135 (figs. 
11-16). | 

This specimen is referred to this species with some hesitation. The descrip- 
tion given by GAILLARD? characterizes the fungus as forming very small 
colonies, o.25—1 mm. in diameter, with only a small number of subdimidiate 


2 GAILLARD, A., Le Genre Meliola. 58. 1892. 
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perithecia (often only one) near the center of the spot, each of which sends out 
long radial filaments. Although no exsiccati having been available for com- 
parison, it was impossible to be certain of a correct interpretation of the 
description, our specimen seems to show certain more or less inconformable 
characters. 

The colonies are large, 1-5 mm. in diameter, and give rise to a compara- 
tively large number of perithecia scattered uniformly throughout the entire 
colony. The perithecia are dimidiate, rather than subdimidiate, and are made 
up of radiating hyphae which extend somewhat beyond the limits of the 
perithecium to form an areola (fig. 16) somewhat similar to, but entirely distinct 
in aspect from that surrounding the perithecia of M. aibonitensis Stevens, M. 
comocladiae Stevens, etc. 


GAILLARD called attention to the Microthyriaceous aspect of the 
perithecia of M. asterinoides, but the present specimen may be seen 
actually to possess Microthyriaceous characters in its dimidiate 
and radially formed perithecium which opens by a false ostiole. 
It is possible, therefore, that the specimen may throw some light 
upon the phylogenetic relationship of the genus. 

In mycelium and spores, this specimen is characteristically a 
Meliola; but in perithecial development and characters it is almost 
typically Microthyriaceous. The development of the perithecium 
begins by the extrusion of a hyphopodium-like branch, 1 or 2 cells 
long, at some point, usually near the growing tip (fig. 12) of a 
filament. The tip of this special branch then becomes swollen 
(fig. 11a), and just beneath the swollen part a small thumblike 
projection (fig. 115) is sent out in such a manner that, at its com- 
pletion, what may be termed the first stage resembles somewhat the 
profile of a closed fist. The thumblike portion now grows until it 
reaches approximately two-thirds the size of the enlarged tip, and 
lies alongside it (fig. 12a). There now appear, along the outer edges 
of the 2 prongs thus formed, evident indentations (fig. 13a) that 
eventually cut the tip of the perithecial branch into 5 or 6 cells, 
which may be regarded as perithecial mother cells. Simultaneously 
with the appearance of the marginal indentations, one finds growing 
out radially from beneath the edges of the perithecial mother cells 
a number of rather light colored hyphae (fig. 13b) which, as growth 
continues, eventually form a complete circle of elongated radiating 
cells (fig. 14a) about the cells from which they originated. When 
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the circle has reached full development most of its cells will be 
found to possess terminal indentations (fig. 14b), indicative of a 
dichotomous scheme of branching, and from beneath the outer 
edges of some cells may already be seen (fig. 14c) the beginning of 
a new circle similar to the last. 

Thus by the addition outwardly of circle after circle of radiat- 
ing, dichotomously branching cells (figs. 15, 16) the complete 
perithecium is formed. Fig. 16 shows a mature perithecium illus- 
trating the true dimidiate character. On ripening, the central 
portion becomes black and opaque, so that it is impossible to see the 
hyphal structure, but around the edge there is always apparent the 
areola of radiating close lying hyphae, some of which extend out- 
ward rather farther than the others and are capped by a 
hyphopodium-like head cell (fig. 16a). In some cases these elon- 
gated hyphae from the perithecial areola may even send out 
capitate hyphopodia laterally. 

The false ostiole is a character which, if taken together with 
the dimidiate character of the perithecium, may also be of some 
phylogenetic significance. 

Although Meliola has never been definitely allied to the Micro- 
thyriaceae, ENGLER referring it to the Aspergillaceae and SaccarDO 
to the Perisporiaceae, the impression is becoming more and more 
firmly rooted that Meliola is closely related to the Microthyriaceae. 
In this connection, the present specimen shows certain characters 
which strengthen that impression. The specimen may even be 
regarded as a transitional stage connecting this genus with the 
typical genera of the Microthyriaceae. 

Meliola cestri, sp. nov.—Colonies epiphyllous, irregularly 
circular, 1-3 mm. in diameter. Mycelium dark, straight, forming a 
rather close network, filaments g-10 yw in diameter. 

Capitate hyphopodia alternate, 35 u distant, head-cell cylin- 
drical to globose, 16-20 X 8-13 uw; basal cell 4-5 uw long. Mucronate 
hyphopodia opposite, bottle-shaped, 24-28 Xg wu. Perithecial setae 
none; mycelial setae numerous, straight, black, 650-850 X 10-11 yp, 
tips obtuse. 

Perithecia numerous, grouped in the center of the colony, sur- 
rounded by an areola of hyphae when young, smooth, 225-275 u 
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in diameter. Asci soon evanescent; ascospores 4-septate, dark 


brown, cylindrical, 50-55 18-20 uw, definitely constricted at the 
septa. 


On leaves of Cestrum species, Mayaguez, June 29, 1915, no. 7576 
(type). x 

This species is entirely distinct from M. gesnerii Stevens, which has also 
been reported on this host. 


MELIOLA CLUSIAE Stevens, I}. Biol. Monographs 2:75. 1916. 


On Clusia gundlachi Stahl, El) Alto de la Bandera, July 15, 1915, no. 8670. 


Previously reported on Clusia rosea Jacq. 


Meliola bayamonensis, sp. nov.—Colonies hypophyllous, 2-5 
mm. in diameter, mycelium a very loose network of threads; 
branches alternate, hyphae dark, 4 u in diameter, wavy. 

Capitate hyphopodia alternate, 30-60 uw distant, the head cell 
globose to oval, 8-10 w in diameter; the basal cell variable, 6-16 yu 
long. Mucronate hyphopodia few, alternate, 14 u long. Mycelial 
setae none; perithecia] setae 5-7, arising basally, decumbent, dark 
brown to opaque, 225 X4-5 M, apex acute. 

Perithecia scattered, 100-135 w in diameter, rough. Asci soon 
evanescent, ascospores 4-Septate, 27-307 u, slightly constricted 
at the septa. 


On Psychotria pubescens Sw., at Bayamon, February 19, 1913, no. 392 
(type). 

This species is separated immediately from the variety described on the 
same host by StEvENS as M. glabra. var. psychotriae by the presence of peri- 
thecial setae. It is also distinct from M. psychotriae Earle on account of its 
remarkably looser habit, the characteristic waviness of the mycelium, its 
lighter color, the shape of the capitate hyphopodia, and the strikingly short 
basal cell. 


Meliola marcgraviae, sp. nov.—Colonies epiphyllous, irregular, 
3-10 mm. in diameter, branching opposite, hyphae dark to opaque, 
5-6 w in diameter. 

Capitate hyphopodia alternate, 32 u distant, head-cell globose, 
11 » in diameter; basal cell short, 5 ~ long. Mucronate hypho- 
podia mostly opposite, but frequently alternate, flask-shaped, 
12-14 long. Mycelial and perithecial setae none. 
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Perithecia scattered, small, 65-75 u in diameter. Asci soon 
evanescent, ascospores 4-septate, light brown, cylindrical, slightly 
constricted, 40X15 mu. 

On leaves of Marcgravia rectiflora Tr. and Planch., Porto Rico, July 16, 


1915, no. $722 (type). 
The colonies formed by this Meliola are so inconspicuous as to pass entirely 


unnoticed. It is only when the leaf is placed under a lens that the colony is 
to be seen. 


PuHyLitacuora Nits. 

Phyllachora quadraspora, sp. nov.—Stroma variously shaped, 
mostly oval to linear, o.5-1 Xo.5 mm., with epidermal clypeus on 
either side of the leaf usually bilocular. Locules sub-spherical, 
115-125 w in diameter. Asci cylindrical, short-stipitate, too-110 
X 10-12 ws, 4-spored; spores hyaline, granular, 1-guttulate, elliptical, 
20-228 py. Paraphyses present. 


On leaves of Paspalum glabrum Poir, Maricao, no. 8803 (type); P. con- 
jugatum Bergius, Tanama River, no. 7856 (fig. 4). 

In naming this species the author has endeavored to follow the monograph 
of the genus by THEISSEN and Sypow.3 The fact that the stroma is laid down 
in the mesophyll of the leaf brings the fungus into the genus Phyllachora; but 
the occurrence of only 4 spores in the ascus would seem, on the other hand, to 


exclude it. This, however, need not be true, since THEISSEN, in characterizing 
Ph. graminis as having spores up to 8 (“‘zu acht”’) leaves the implication that 
the spore number may be fewer than 8. 


PHYLLACHORA GRAMINIS (Pers.) Fel. Symb. Myc. 218. 1869. 
This species has previously been reported by GARMAN on an undetermined 


species of Paspalum from Sabana Grande in 1015. It is also to be noted on 
Paspalum glabrum Poir., at Rosario, no. 94958. 


Phyllachora ischmaemi, sp. nov.—Stromata appearing on the 
upper side of the leaf, circular, crowded, and often confluent, laid 
down in the mesophyll, 0.75-1.25 mm. in diameter. Clypeus 
24-26 uw thick. Locules 2-several in a stroma, spherical to flask- 
shaped, 125-145 » in diameter. Asci cylindric to clavate, 1o5— 
150 X10-12 pw, 8-spored. Spores hyaline, spherical, uniseriate, 8 u 
in diameter, with a single guttula. Paraphyses present, filiform. 

On leaves of Ischmaemum latifolium, St. Pierre, Martinique Island, no. 
2972 (type) (figs. 2, 3). 


3 THEISSEN, F., and Sypow, H., Die Dothidiales. Ann. Mycologici 13:437. 1015. 
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STIGMATEA Fries 

Stigmatea guettardae, sp. nov.—Spots large, o.5-3 cm. in 
diameter, irregular, light brown or red in young stages and ashy 
or white in old stages, always sharply defined by a dark brown 
border. 

Perithecia epiphyllous, gregarious, grouped in the center of the 
spot, small, black, 60-80 uw in diameter. Ostiole erumpent, small, 
6-10 w in diameter. Asci obliquely oblong, short and abruptly 
stipitate, obtuse above, 25-40X8-11 wu, 8-spored. Spores long- 
elliptic, 2-celled, the septum at or nearly at the center, slightly 
constricted, hyaline, 11-13X2-3m. Paraphyses present, long, 
filiform, septate, hyaline to yellowish. 

On Guettarda ovalifolia Urb., Maricao, January 10, 1913, no. 191 (type); 
Barros, January 2, 1913, no. 164; Maricao, April 5, 1913, no. 771; July to, 
1915, no. 8804; Monte Alegrillo, no. 4741; Indiera Fria, Maricao, October 8, 


1913, NO. 3338. 
On Guettarda scabra (L.) Lam., Tanama River, July 6, 1915, no. 7851. 


PHAEOSPHAERELLA Karst. 

Phaeosphaerella paspali, sp. nov.—Perithecia amphigenous, 
sunken, sub-spherical, 125-137 4 in diameter; ostiole minute, 
10-15 u in diameter. Asci crowded, sub-cylindric, 55-60 X8 uy, 
8-spored; spores brown, oblong to fusoid, unequally 1-septate, 
slightly constricted at the septum, 12-15 X3-5u. Paraphyses none. 


On leaves of Paspalum glabrum Poir., Maricao, no. 8803a (type) (fig. 5). 


ConroTHyRIUM Corda 
Coniothyrium marisci, sp. nov.—Spots oval to linear, yellowish, 
with a dark brown margin. Pycnidia gregarious, amphigenous, 
sub-spherical, 120-130 w in diameter, subepidermal, only the ostiole 
erumpent. Perithecial wall thick (35); ostiole 16-20 in 
diameter. Spores dark brown, ellipsoid or globose, 5-7 X2.5 u. 
Conidiophores not apparent. 


On Mariscus jamaicensis (Crantz) But., no. 124 (type) (fig. 6). 


PESTALOZZIA De Notaris 


Pestalozzia lucumae, sp. nov.—Spots epiphyllous, black, 
irregular, 2-5 mm. in diameter. Acervuli subepidermal, erumpent, 
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white or ashy at maturity, o.5-2 mm. in diameter, crowded on the 
stroma, circular or elongate, and rupturing irregularly. Conidia 
elliptic or slightly falcate, 14-18 4-5 u, 4-septate, slightly con- 
stricted; central cells fuscous, end cells hyaline, the apical cell conic, 
ornamented by 2 widely divergent, hyaline, filiform setae 7-10 u 
long, basal cell prolonged into a single hyaline seta 3-5 u in length. 

On leaves of Lucuma multiflora A. DC., Monte Alegrillo, July 20, 1913, 
no. 2301 (type). 

It was a surprise to find this specimen a Pestalozzia. Its superficial 
characters suggest strongly a Phacidiaceous form, but a close examination 
reveals the fact that instead of an ascoma, the fruiting body is an acervulus. 


The acervuli are grouped closely on a large stroma which causes a characteristic 
black spot on the leaf. 


HELMINTHOSPORIUM Link 


HELMINTHOSPORIUM FOLLICULATUM Corda var. BREVIPILUM 
Corda, Icon. 2:13, 1838. 


On Paspalum conjugatum Bergius, Tanama River, July 6, 1915. 


ACROTHECIUM Preuss. 


Acrothecium flacatum, sp. nov.—Mycelium light olivaceous, 
septate, 2.5 u in diameter, attacking the spikelets and thickly 
covering the glumes and awns of the flowering heads. Conidio- 
phores dark olivaceous in color, straight, somewhat bulbous at 
the base, 96-125 X5 u. Spores olivaceous, luniform, 3 or 4-septate, 
borne apically on the conidiophores in fascicles of 3-5, 35 X10 p; 
central cell very much enlarged, dark, and not equilateral; the 
terminal cells small and nearly hyaline. 


On Setaria species, Porto Rico, 1915, no. 9181 (type) (fig. 1a, 5, c). 

- Another fungus belonging to this genus and possessing the same strikingly 
characteristic spore is generally reported as the cause of the “‘ringspot”’ of 
sugar cane. It was first mentioned by BREDA DE HAAN in 1892, and was 
thought by him to be the conidial stage of Leptosphaeria sacchari. In 1898 a 
fungus identical with that of BREDA DE .HAAN’s was described by WAKKER‘ 
on dead leaves of sugar cane under the name of Acrothecium lunatum. 

The present species, however, is clearly distinct from that described by 
WaKEER, in that the conidia are more frequently 4-septate than 3-septate, 
distinctly larger, and regularly borne in fascicles of 3-5 on the tips of the 


4WakkER, J. H., and Went, F. A. F.C., De Ziekten van het Suikerriet op Java. 
pp. 149, 196. Leiden. 1898. 
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conidiophores. Cultures of Acrothecium lunatum frequently show a secondary 
group of spores borne below the apical group. Furthermore, the 2 hosts 
being so widely separated phylogenetically, it is probable that they would 
not be attacked by the same parasite. 


CERCOSPORA Fries 


CERCOSPORA PERSONATA (B. and C.) Ellis, Jour. Mycol. 1885. 


On the leaves of Arachis hypogaea L., Trujillo Alto, August 17, 1915, nos. 
2506, 2447. 

These specimens agree in general with the species, comparison having been 
made with reliable exsiccati. They do present a peculiarity, however, in that 
the spots are consistently smaller, and much more regularly circular in outline. 


TRICHOSTROMA Corda 


Trichostroma axonopi, sp. nov.—Spots oval to linear, yellowish 
with a definite brownish or purple border. Sporodochia gregarious, 
black, globular to oval, verruciform, often confluent, 95-125 u long. 
Setae black, straight or the tips sometimes repand, rigid, base 
bulbous, 65-85 u long, few-septate. Conidia brown, globular to 
ovoid, 5 » in diameter. 


On leaves of Axonopus compressus (Sw.) Beauv., College grounds, Maya- 
guez, May 30, 1913, no. 924 (type). 


EXPLANATION OF PLATE XVIII 


Fic. 1.—Acrothecium falcatum: conidiophore and conidia (a, ), c). 

Fic. 2.—Phyllachora ischmaemi: section of stroma. 

Fic. 3.—Phyllachora ischmaemi: ascus. 

Fic. 4.—Phyllachora quadraspora: ascus. 

Fic. 5.—Phaeosphaerella paspali: ascus. 

Fic. 6.—Coniothyrium marisci: section of pycnidium. 

Fic. 7.—Coccomyces musae: ascus and ascospores. 

Fic. 8.—Coccomyces clusiae: habit sketch of single ascoma. 

Fic. 9.—Coccomyces clusiae: old and empty ascoma showing honeycombed 
appearance of floor. . 

Fic. 10.—Coccomyces clusiae: cross-section of ascoma showing localization 
of ascus producing hymenium which results in honeycombed appearance seen 
in fig. 9. 

Fics. 11-16.—Meliola asterinoides. 

Fic. 11.—Beginning of perithecium: a, large swollen tip; 6, smaller 
thumblike projection. 
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Fic. 12.—Further stage in perithecial development: a, thumblike pro- 
jection grown to approximately two-thirds size of swollen tip. 

Fic. 13.—Third stage: a, indentations appearing on margins of the 2 
prongs; b, radial hyphae developing from under side of perithecial mother cells. 

Fic. 14.—First circle of radial cells complete: a, radial cells; 6, marginal 
indentations; c, new cells which will form another concentric circle outside first. 

Fic. 15.—Perithecial development in intermediate stage: pronounced 
radial character evident. 

Fic. 16.—Mature perithecium: showing areola of radiating hyphae, 
dimidiate character, and false ostiole; a, elongated perithecial hyphae capped 
by hyphopodium-like cell. 

Fics. 17-19.—Meliola conferta. 

Fic. 17.—Ascospore. 

Fic. 18.—Ascospore germination: showing manner in which compact 
habit is assumed. 

Fic. 19.—Portion of mycelium illustrating compact habit. 
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CURRENT LITERATURE 


BOOK REVIEWS 


The living cycads 

In a recent volume of the ‘‘ University of Chicago Science Series’ CHAM- 
BERLAIN’ presents in untechnical language some of the results of his 15 years 
of study on cycads. This group of 9 genera has several advantages from 
the point of view of popular treatment, and of these the writer makes 
good use. It may safely be said that no one is so well fitted as the author 
to deal with this subject, because he approaches the task not only as an expert 
student of the group, but also as one who knows the cycads as living plants, 
on account of his extended travel in regions where cycads occur. The title 
of the book was selected, so the author tells us, to contrast with WIELAND’sS 
The fossil cycads. 

The account is divided into 3 sections, part I dealing with the collecting 
of the material, part II with the life history, and part III with the evolution 
and phylogeny of the group. The first part recounts the author’s journey- 
ings in the 3 cycad regions, tropical America, Australia, and South Africa, 
but is much more than a narrative, for it includes important observations 
taken in the field which help to clear up certain disputed points. This part 
is rendered attractive by the author’s excellent photographs of field speci- 
mens as well as by his graphic style, and will probably be the most interesting 
section to the non-botanical reader. The section on life history includes a 
short chapter on vegetative structures, in which the vascular tissues receive 
scant attention. The very significant anatomical features were probably 
considered too technical for presentation to a general audience. The sporoge- 
nous and gametophytic structures, which have attracted so much attention 
to the group, are clearly described and figured, and are compared with the 
corresponding structures of ferns. It is in this part of the book that the 
author’s particular contribution to our knowledge of cycads comes out con- 
spicuously. One realizes how many gaps in the story have been filled during 
the past decade. Part III, the shortest in the book, passes on from fact to 
speculation, and brings the ferns and fossil cycads into relation with the living 
cycads. Especially satisfying is the account of the evolution of the cone, 
which presents a remarkable series even in living genera. The point of view 
throughout this section is a conservative one, as is evinced by the treatment 
of Bennettitales and their relationships. 


1CHAMBERLAIN, CHARLES J., The living cycads. 8vo, pp. xiv+172. figs. gI. 
The University of Chicago Press. 1919. 


512 











1919] CURRENT LITERATURE 513 


Botanists will be glad to have the author’s assurance that a more extended 
and technical account of the living cycads is in preparation. In the present 
pocket volume of 172 pages the author has done a useful piece of work and 
has done it well—M. A. CHRYSLER. 


NOTES FOR STUDENTS 


Inheritance in Pediastrum.—Practically all of our present knowledge of 
inheritance in the plant kingdom is based upon work done with flowering 
plants, regularly involving the sex act. The sex act in flowering plants, 
furthermore, is peculiarly obscured; we cannot be altogether certain what 
happens between the time of pollination and seed germination. We think 
that the program followed is a remarkably regular one, but we feel that fre- 
quently irregularities may occur, and we know that sometimes they do. We 
wish therefore to know what all of these irregularities are, how they affect 
inheritance, and how they may be induced or controlled artificially. It has 
long been felt that a study of inheritance in simple plants would be suggestive, 
for in them many of the complexities surrounding reproduction are stripped 
away. The sex act takes place “in the open,” so that there is more hope of 
absolute control; some forms even lie “below the level of sex,” furnishing 
unusual material for “pure line” work; and germ plasm seems identical with 
body plasm. The direct bearing of such a study upon practical genetics may 
be negligible, but upon theoretical genetics it promises to be profound. 

HARPER? has been working with cultures of Pediastrum, and has developed 
some very significant ideas. He considers 3 “degrees of directness”’ of inheri- 
tance in Pediastrum: (1) direct transmission, as by division of plastids; (2) the 
more indirect transmission of those adult cell characters (as cell form) which are 
not visibly present as such in the germ cell; (3) the entirely indirect transmis- 
sion of the characters of the many-celled organism as a whole (as colony form). 
The adult cell characters which HARPER observed “do not suggest the working 
out of influences emanating from elements in the chromosomal organization of 
the nucleus, but rather the direct expression of the organization of the cell as 
a whole when it begins to grow,” involving specific polarities, surface tension, 
etc. These cell characters come into expression whether or not the colony is 
successfully formed. Colony characters, therefore, are dependent upon 
individual cell characters, rather than the reverse. ‘If in the swarming period 
the cell does not achieve its normal position .... the maladjustment is 
never overcome.” 

Thus the author paints for us two distinct pictures, which should be 
considered separately. First, the picture of inheritance through specific 
polarities, etc., of protoplasts as a whole, rather than determiners located on 


2Harper, R. A., Organization, reproduction, and inheritance in Pediastrum. 
Proc. Amer. Phil. Soc. 66: 375-439. pls. 5, 6. figs. 54. 1918. 
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chromosomes. This may be a rather general situation among the simpler 
plants, where germ plasm and body plasm are merged. Whether it is at all 
applicable to higher plants is questionable. Perhaps the ‘‘phylogenetic age”’ 
of the latter has brought this difference of body plasm and germ plasm, involv- 
ing a rigid chromosome mechanism. The other picture is ‘‘that the swarming 
period . . . . is not one of aimless movement. . . . but a definitely directed 
effort to achieve for each cell a specific relation to its fellows.’? Successful 
achievement means normal colonies; otherwise monstrosities result. .This 
situation could apply only to a very limited number of cases, even among the 
lower plants. Among higher plants a vivid imagination might attempt to 
apply it to the free nuclear stage in the embryo formation of gymnosperms, or 
in the organization of the embryo sac of angiosperms. The author, however, 
does not carry his ideas beyond Pediastrum, where they seem quite appro- 
priate and well founded. Similarly careful work upon less peculiar types of 
algae should yield even more profitable suggestions —MERLE C. COULTER. 


Mendelian inheritance in gametophytes.—One of the most critical tests 
of the current theoretical mechanism for inheritance lies in the behavior of the 
gametophyte generation in inheritance. If our Mendelian mechanism is 
correct, gametophytes should show predictable* peculiarities; segregation 
should take place in the first hybrid generation, and dominance should be 
out of the question. Such an investigation is not particularly hopeful among 
angiosperms, owing to the insignificance of the gametophytes. In fact it is 
a rather general opinion that ‘‘the characters which they possess appear to be 
wholly sporophytic, the factors which they carry functioning only after fertiliza- 
tion.”3 BELLING explains semi-sterility in beans on the basis of the germinal 
equipment of the gametophytes upon the gametophytes themselves, but this 
merely involves lethal effects. 

More hopeful material is provided by the lower plants, where the gameto- 
phyte generation is more prominent and really has characters of its own. 
TRANSEAUS reports hybridization in Spirogyra, and it is significant that he can 
give it a Mendelian interpretation. Unfortunately the work is as yet merely 
observational rather than experimental. Hybridization was observed taking 
place in nature between S. communis and S. varians, S. varians and S. porticalis. 
The 3 species involved showed distinguishing characters in the shape and 
size of the vegetative cells, and the shape and orientation of the zygotes. The 
auther looked in the immediate vicinity, therefore, for possible hybrids result- 
ing from these crosses which should display new combinations of the parental 


3 East, E. M., and Park, J. B., Studies on self-sterility. I. The behavior of 
self-sterile plants. Genetics 2:525-609. 1917. 
4 BELLING, JoHN, Lethal factors and sterility. Jour. Heredity 9:161-165. 1918. 


s TRANSEAU, Epcar NeEtson, Hybrids among species of Spirogyra. Amer. Nat. 
53:109-119. figs. 7. 1919. 
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characters. He was successful in finding practically all the new combinations 
that were theoretically possible. 

The Mendelian explanation runs as follows: The character of the hybrid 
zygote itself is maternal, as is to be expected from the cytological behavior 
during conjugation. The reduction division takes place during the first 2 
nuclear divisions of the germinating zygote, but 3 of the resulting nuclei degen- 
erate, so that the cells of the mature filament all have a common ancestor in 
the fourth nucleus; hence segregation appears in the first hybrid: generation, 
but of course all of the cells of a given filament are alike. Such facts would 
furnish excellent support for our theoretical mechanism of inheritance, but 
the author could not be positive as to whether he was dealing with an F, or 
an F, generation. It is to be hoped that he will discover how to cultivate this 
material in the laboratory, and carry the work further under rigid experimental 
control.— MERLE C. CouLTER. 


Enzyme action.—VAN LAER‘ reportsesome observations on the nature of 
zymogens, which are claimed to confirm the results of Ford and GUTHRIE, 
who had shown that the increase of the amyloclastic activity of papaine with 
barley meal is not manifested when the infusion is kept in direct contact with 
the proteo-clastic ferments. The yeast infusions were obtained from yeast pre- 
pared according to the Lebedeff method. The addition of papaine to yeast 
juice destroyed the catalase and zymase. In the state of zymogens, there 
was shown greater stability and resistance to the factors of inactivation. The 
hefanal extract of yeast in the presence of antiseptics showed a measurable 
degree of inverting activity. This inverting agent was amylase. The diastase 
and papaine had no influence upon the hefanel infusion even after a 24 hours’ 
digestion. Observation is made upon the intensity of autofermentation. 
After the latter there remains some amylase which is sensitive to papaine. 
This sensitiveness is expressed in the data as the decrease of the percentage 
of sugar inverted from 25.6 to 19 when papaine was added. Certain cellulary 
materials, as soluble or incoagulable protoplasmic products, decreased the 
activity of sucrase according to the concentration. -In the presence of small 
quantities of these substances the rapidity of hydrolysis of saccharose is hardly 
modified. Extracts of yeast inactivated by acetone give a notable increase 
of inverting power when added to solution of papaine or active anylase, the 
yeast cells in this respect behaving like cellulary bodies. This increase is due 
on the one hand to the increase of sucrase, and on the other to the decrease of 
cellulary substance in the digestion products.—A. M. GurRJAR. 


Buried weed seeds.—Miss BRENCHLEY,’ on the basis of considerable 
investigation, makes the following statement concerning the longevity of weed 
seeds in agricultural soils: “The changes in the proportion of arable and 


6 Van Laer, HENRI, Zeits. fiir Girungsphysiologie 6:169-175. 1918. 
7 BRENCHLEY, WINIFRED E., Buried weed seeds. Jour. Agric. Sci. 9:1-31. 1918. 
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grassland plants derived from buried seeds are so consistent and so regularly 
associated with the history of the land that one is irresistibly forced to the 
conclusion that when arable land is grassed over, a certain number of the seeds 
are able-to retain their vitality for very many years. Many of the seeds die 
within a comparatively short time after burial, and as time goes on the number 
of living seeds gradually becomes less, although the evidence goes to show that 
some seeds will survive burial for at least 58 years. Usually most of the older 
arable seeds survive in the lower depths of soil where the conditions are less 
variable, whereas the shorter the time that land has been under grass the greater 
the proportion of arable seeds that are found near the surface. While the stock 
of arable seeds is diminishing with the lapse of time, the supply of grassland seeds 
is being augmented by fresh seeds that are ripened by the surface vegetation 
and are gradually carried down into the soil. Naturally enough, the greater 
number of these seeds are found in the upper inches of soil, comparatively few 
penetrating below the eighth inch.”” 

Miss BRENCHLEY fails to note the much earlier and extensive work (1893- 
94) of PETER, which is very similar to hers in method and conclusion. She 
also fails to mention the well controlled work of BEAL and of Duvet on the 
longevity of buried seeds, which likewise justifies her conclusions.-—Wm. 
CROCKER. 


Wound callus and bacterial tumor.—Polar difference in wound callus 
formation has often been observed in stems, and less frequently in root 
structure. Macnus? finds that segments of the root of a half long carrot 
with which he worked produced a wound callus on the morphologically apical 
face, but not on the basal face. This occurred whether the apical face was 
oriented upward or downward in the moist chamber. The callus starts at the 
cambium ring and spreads centripetally. When the apical face is infected with 
Bacterium tumefaciens the callus development is much greater. When the 
basal face is infected there is a considerable development of tumors on that 
face, and this acts in a correlative way to inhibit the normal tumor develop- 
ment in the apical face. MacNus also worked with a long fodder carrot. 
While infection in this form increased the callus development on the apical 
face of the segments tenfold, it induced very little tumor development on the 
basal face, and accordingly showed little correlative effect in inhibiting the 
normal development on the apical face. 

Macnvws offers evidence for the view that the tumor inducing organism in 
plants is not identical with that in man. He also suggests that certain con- 
clusions of BLUMENTHAL and HIRSCHFIELD on the effect of Diplococcus in 





8 See CROCKER, W., Mechanics of dormancy in seeds. Amer. Jour. Bot. 3:99- 
120. 1916. 


9 Macnus, WERNER, Wund-callus und Bakterien-Tumore. Ber. Deutsch. Bot. 
Gesells. 36: 20-29. 1918. 
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tumor formation in plants may be wrong because they failed to recognize the 
polar disposition to callus formation. He thinks the studies on tumor forma- 
tion in plants will finally throw much light on cancer development.—Wu. 
CROCKER. 


Effect of illuminating gas on plants.—WEHMER” has studied the effect of 
passing continuous streams of illuminating gas through the soil bearing potted 
herbaceous as well as 3—7-year-old woody plants. There was a great difference 
in the amount of injury, according to the stage of development. In the spring 
the trees were entirely killed in a relatively short time. This is in general the 
sort of reaction given by the actively growing herbaceous forms at all times. 
In late summer and early fall the injury is less marked and is shown mainly by 
leaf fall, while in the dormant period of winter the trees are very resistant. In 
the cress the embryo in the resting seed and the seedling stage proved very 
sensitive. Cuttings stood in gas-impregnated water showed, with few excep- 
tions (J/ex), seasonal variations in sensitiveness similar to the plants rooted in 
soils. In spite of this the author thinks that injury to parts above the soil is 
in part a secondary result of root injury. The injury is due to toxic conditions 
of the gas and not to mere displacement of oxygen by the gas, as SORAUER has 
suggested. The toxic constituents increase or decrease with the conditions 
that lead to an increase or a decrease in the odor-producing materials. A later 
paper on the toxic constituents is promised. The author seems to have over- 
looked most of the literature on the effect of illuminating gas on plants.— 
Wa. CROCKER. 


Aeration systems of leaves.—NEGER" has earlier spoken of 2 types of leaves 
on the basis of the nature of their intercellular systems, heterobaric and homo- 
baric. In a recent article he compares a heterobaric leaf to a house with 
thousands of rooms lacking communicating doors, and a homobaric leaf to a 
similar house with communicating doors present and all open. In the first 
type the intercellular system is divided into many small isolated regions by 
the smaller veins, with the resulting possibility of different air pressure existing 
in each; while in the second the whole intercellular system of the leaf is con- 
nected and therefore the same pressure exists throughout. Most plants with 
flat leaves have heterobaric leaves, and the size of the individual chambers 
varies considerably. In various species of Quercus they run from 1/840 to 
1/1400 sq. cm., and in Syringa vulgaris from 1/8 to 1/10 sq. cm. In the same 
species shade leaves have larger chambers than sun leaves. The following trees 
and shrubs have homobaric leaves: Evonymus japonica, Ilex aquifolium, 


1 WenMeR, C., Leuchtgaswirkung auf Pflanzen. 4. Die Wirkung des Gases 
auf das Wurzelsystem von Holz-pflanzen; Ursache der Gaswirkung. Ber. Deutsch. 
Bot. Gesells. 36:140-144. 1918. 

1m NeceER, F. W., Die Wegsamkeit der Laubblitter fiir Gaze. Festschrift zum 
Ernst STAHL. pp. 152-161. Jena. 1918. 
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Prunus Laurocerasus, Hedera Helix, Ardisia crispa, and all needle bearing trees 
and shrubs. When injured by smoke the homobaric leaves show the injury 
to the whole leaf due to the gases distributing themselves throughout the whole 
intercellular system, while the heterobaric leaves show the injury in spots 
corresponding to individual intercellular chambers.—W™a. CROCKER. 


Nitrogen fixation by Azotobacter.—HUTCHINSON,” in agreement with 
Kocu, Remy, and others, finds that the nitrogen content of sand or soil may be 
increased appreciably by the activity of Azotobacter when some suitable source 
of energy is supplied. Sugars proved very effective as an energy source, and 
distinct gains were obtained with plant residues. In pot cultures the nitrogen 
gains ran as high as 9 mg. of nitrogen per gram of plant residue added. Even 
in field cultures additions of sugar increased crop yields 20-54 per cent when 
conditions were favorable. HuTCHINSON believes the carbohydrates of plant 
residues act in a similar way in furthering nitrogen fixation and crop yields. 
For successful operation of this organism suitable temperature, the presence 
of phosphates, and a supply of basic material such as calcium carbonate are 
necessary. Besides these factors, some unknown conditions appear periodically 
in the soil, interfering with the action of this organism. 

The effect of the addition of straw or other crop residues to the soil may be 
very complex. As important among these effects may be mentioned modi- 
fication of physical condition of the soil, direct addition of nutrients (in the 
case of straw, considerable potash, little nitrogen as well as other nutrients), 
and the indirect addition of nitrogen through furnishing an energy source for 
Azotobacter.—Wm. CROCKER. 


Fucosan vacuoles.—HANSTEEN noted that granules, as he called them, 
accumulate about the chromatophores of Phaeophyceae during carbon 
assimilation. He thought they were produced by the chromoplasts and were 
the first visible product of carbon assimilation. On this basis he called them 
fucosan granules. Kytrtn‘3 has made a rather extensive study of these bodies, 
the results of which are summarized in the article here reviewed. He finds 
that these bodies are vacuoles rather than granules, and while they are prob- 
ably formed by the chromoplast in connection with carbon assimilation, they 
are not made up in the main of carbon synthate. He thinks he has shown that 
dextrose is the first carbon synthate of the Phaeophyceae, and that this is 
condensed to lamanarin. These vacuoles may be the means by which the 
synthate leaves the plastid, but it is not stored in them. On the contrary, 
it rapidly diffuses from them into the cytoplasm. He thinks these vacuoles, 
especially the older ones, are filled with substances resembling tannin, but 


2 HUTCHINSON, H. B., The influence of plant residues on nitrogen fixation and on 
losses of nitrate in the soil. Jour. Agric. Sci. 9:92-111. 1918. 

3 Ky in, Heratp, Uber die Fucosanblasen der Phaeophyceen. Ber. Deutsch. 
Bot. Gesells. 36:10-19. 1918. 
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differing from true tannin in some respects. He considers these tannin-like 
substances as meaningless waste products, which upon oxidation give rise to 
the brown pigment of this group of plants (phycophaein), which was formerly 
considered a pigment of the chromatophore.—Wwm. CROCKER. 


Apogamy in Nephrodium.—StTeIL™ has uncovered an interesting situation 
in Nephrodium hirtipes, in that the gametophyte never produces archegonia, 
although antheridia with normal sperms are developed. Secondary game-- 
tophytes were induced readily, but only rarely was apospory induced. The 
embryo begins to develop early in the history of the gametophyte as a vegeta- 
tive outgrowth, the apical cells of leaf, root, and stem appearing successively, 
but no foot is formed. No migrations or fusions of nuclei were observed in 
connection with embryo development. The diploid number of chromosomes 
is 120-130, and the haploid number (60-65) was observed both in the gameto- 
phyte and the apogamous sporophyte. Suggestions are offered as to the origin 
of such persistent apogamy, the most interesting one being that N. hirtipes 
and other apogamous ferns may be of hybrid origin. The paper is introduced 
by a very useful summary of our knowledge of apogamy in ferns, beginning 
with the discovery of tracheids in the gametophyte of Pteris sulcata by LEszcyc- 
SuMINSKI in 1848. The first clear recognition of an apogamous embryo, 
however, as distinguished from one resulting from fertilization, is credited to 
FarRLow, who in 1874 discovered apogamy in Pleris cretica albo-lineata.— 


jJ.M.C. 


Soil acidity HARTWELL and PEMBER’ find that rye does well on acid soils, 
while barley is much injured by them. Aqueous extract of acid soil, residue 
from distillate of the aqueous extract, and the ash of the residue from 
such distillate affect the two plants much as does the soil itself. Soluble 
aluminum salts and not the acid in the soils proved to be the source of injury 
to the barley plants. Addition of acid phosphates, which renders the soil more 
acid, and lime reduced the solubility of the aluminum salts in acid soils and 
rendered them non-toxic to barley plants. The authors think these substances 
often produce beneficial effects in this way rather than by furnishing more 
available phosphorus or by neutralizing the acid. The reviewer has noticed 
that the hydrogen ion concentration found in acid soils by the gas chain method 
is generally only a fraction of the hydrogen ion concentration necessary to 
reduce the growth rate of plants in water or sand cultures. This work again 
suggests the complexity of the apparently simple problem of soil acidity.— 
Wa. CROCKER. 

4 Streit, W. N., A study of apogamy in Nephrodium hirtipes. Ann. Botany 33: 
109-132. pls. 5-7. 1919. 

1s HARTWELL, B. L., and PEMBER, F.R., The presence of aluminum as a reason 


for the difference in the effect of the so-called acid soil on barley and rye. Soil Science 
6:259-279. 1918. 
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Statolith starch—Miss ZOLLIKOFER” finds that the statolith starch of 
seedling organs is relatively readily removed by periods of illumination fol- 
lowed by periods of darkness. The persistence of the statolith starch is a 
function of the degree of etiolation. This the writer considers a biological 
adaptation. By growing seedlings of Tagetes erecta and seedlings of other 
Compositae in light 1-4 days, followed by 3-4 days of darkness, hypocotyls 
were obtained that bore no statolith starch. These hypocotyls were still 
growing and capable of phototropic movement, but incapable of geotropic 
movement. Light rendered them geo-sensitive only after it had produced 
statolith starch. Working by similar methods the author shows a close rela- 
tion between the amount of mobile starch and geo-sensitivity in the coleoptile 
of grasses.—Wm. CROCKER. 


Fat storage in evergreen leaves.—A number of investigators have stated 
that there is considerable storage of fats in evergreen leaves during the winter. 
MEYER" finds that the droplets that were supposed by these former workers 
to be fat droplets are not fat, and that the total volume of these does not rise 
and fall with winter and summer, but that it increases continuously with the 
age of the leaf. He speaks of the droplets as ‘‘mesophyllsekret,”’ and points 
out that little is known of their origin and composition. Some of the forms 
studied were Ilex aquifolium, Taxus baccata, and Vinca minor. The methods 
used by MEYER, as well as by former workers, are exclusively microchemical. 
It is evident that these ought to be checked up by quantitative determina- 
tions.—W. CROCKER. 


Light and germination.—LEHMANN" finds in a germinator at 30° C. 0. 1 
second illumination with 730 H.K. is sufficient to cause 50 per cent of the 
seeds of Lythrum Salicaria to germinate within 24 hours, whereas only 6-7 
per cent germinate in similar condition in darkness, and not more than 7 per 
cent after 10 days.—W. CROCKER. 


Osmotic pressure of epiphytes.—Harris” finds that the epiphytes (Bro- 
meliaceae, Orchidaceae, and Peperomia) of the Jamaican montane forest 
have 37-60 per cent of the osmotic pressure shown by the herbaceous terrestrial 
vegetation of the same region, and 28-45 per cent of that of the ligneous 
terrestrial vegetation.—Ww. CROCKER. 


16 ZOLLIKOFER, CLARA, Uber das geotropische Verhalten entstarkter Keimpflanzen 
und den Abbau der Starke in Gramineen-koleoptilen. Ber. Deutsch. Bot. Gesells. 
36:30-38. 1918. 

17 MEYER, ARTHUR, Die angebliche Fettspeicherung immergriiner Laubblatter. 
Ber. Deutsch. Bot. Gesells. 36:5-10. 1918. 

8 LEHMANN, Ernst, Uber die minimal Belichtungszeit welche die Keimung der 
Samen von Lythrum Salicaria. Ber. Deutsch. Bot. Gesells. 36:157-163. 1918. 


19 HARRIS, J. ARTHUR, On the osmotic concentration of the tissue fluids of phanero- 
gamic epiphytes. Amer. Jour. Bot. 5:490-506. 1918. 
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